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ABSTRACTS OF CURRENT PUBLISHED INFORMATION 


ON NICKEL AND ITS ALLOYS 


GENERAL 


Production of Hollow Castings by the 
Centrifugal-Casting Technique 


R. H. T. DIXON and J. E. WHITTLE: ‘Hollow Castings 
and Vessels: A Suggested Novel Method of Pro- 
duction.’ 

Foundry Trade Jnl., 1961, vol. 111, Sept. 7, pp. 281-3. 


It has long been appreciated that the shape most 
difficult to cast completely sound in a metal or alloy 
is a sphere. Unless the metal ingate is very large, and 
well insulated thermally, it will not permit sufficient 
liquid metal to be fed to the mould cavity. Most 
of the techniques devised to overcome this problem 
suffer from disadvantages (for example, they give 
rise to a non-uniform microstructure, and the very 
large feeder heads often required result in low 
yield). For many purposes (e.g., for grinding- 
and crushing-balls) complete soundness and uni- 
formity of structure and properties are mandatory 
in order to ensure satisfactory performance in 
service. Though it is obviously not a simple matter 
to meet these requirements, the authors consider 
that, by applying two-axial rotation to the mould, 
it will be possible to produce a ball of uniform 
structure and properties, with a central spherical 
shrinkage cavity (the resulting yield would be 100 
per cent.). They discuss the principles and poten- 
tialities of the technique in the present article. 

Drawings included in the article illustrate the effect 
of symmetrically rotating a metal-containing mould 
about two axes at right angles (the axes intersecting 
at the centre of the mould cavity) throughout the 
period of solidification. If a completely filled mould 
is maintained static, the casting produces a typical 
V-shaped outcropping shrinkage-cavity, whereas the 
casting produced in the biaxially-rotated mould 
has only a small central smooth-walled spherical 
shrinkage-cavity. Other diagrams exemplify the 
adaptation of the same basic principle to (1) the 
production of castings varying widely in shape and 
(2) the production of lined or internally clad vessels. 

The technique described is considered to offer 
many attractions. The central cavity of the casting 
can be closely controlled over a wide range of selected 
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limits, and it is deemed reasonable to expect that 
the application of the process to a ball mould would 
result in a ball of superior strength. Sucha technique 
could, with advantage, be employed in the production 
of large (12-in.-diameter) thick-walled hollow 
spheres: for example, the grinding balls in the 
abrasion-resistant white cast iron ‘Ni-Hard’ used 
in some types of crushing mill. 

The metal behaviour described in the article is 
that suggested as most probable by the authors, 
and does not relate to observed phenomena since 
the experiments have, as yet, not involved the use 
of liquid metals. 





NICKEL 


Guide to Primary Nickel Products 


INTERNATIONAL NICKEL COMPANY (MOND), LIMITED: 
‘Primary Nickel Products of The International Nickel 
Company (Mond), Limited.’ 

Publication 1511B, 1961; 24 pp. 


This publication is intended to serve as a guide 
to the forms in which primary nickel products are 
available from The International Nickel Company 
(Mond), Limited. 

Information is presented on the following: ‘Mond’ 
nickel pellets (high-purity nickel produced by the 
Mond carbonyl] process and suitable for all metal- 
lurgical purposes); high-purity electrolytic nickel 
cathodes; nickel-oxide sinter (for use in the pro- 
duction of nickel-alloy steels); ‘F nickel’ shot and 
ingots (which melt at approximately 1260°C., and 
therefore alloy readily when added to molten iron 
in the spout or ladle); ‘N.H.’ ingot (nickel-chromium- 
iron alloy prepared particularly for use in the produc- 
tion of the wear-resistant cast iron ‘Ni-Hard’); 
‘N.C.C.” pig (nickel-copper-chromium-iron alloy 
suitable for use in the production of ‘Ni-Resist’ 
austenitic cast iron); nickel-magnesium alloys (sup- 
plied primarily for production of S.G. iron, but 
sometimes added to special steels); carbonyl nickel 
powders (grade A is employed in the production 














of sintered components, magnet alloys, etc.; grade B, 
a powder of lower density, is used principally in 
the production of porous plates for alkaline accumu- 
lators). 

The compositions of the various products are 
tabulated, and photographs illustrating the forms 
in which they are available are included in the 
publication. 


Structural Changes During Deformation of Nickel 
at High Temperatures and Strain Rates 


D. HARDWICK and w. J. McG. TEGART: ‘Structural 
Changes During the Deformation of Copper, Alum- 
inium and Nickel at High Temperatures and High 
Strain Rates.’ 

Jnl. Inst. Metals, 1961, vol. 90, Sept., pp. 17-21. 


In the experiments described, the authors studied 
structural changes during the deformation of copper, 
aluminium and nickel by hot torsion at temperatures 
of approximately 0-7 Tm (Tm absolute melting 
temperature) and strain rates of approximately 
1 sec.—1, and found them to be dependent on com- 
petition between polyganization and recrystallization. 

Aluminium showed only polyganization; nickel 
showed recrystallization and polyganization as 
concurrent processes; and copper showed only 
recrystallization. An attempt is made to rationalize 
the behaviour of the metals in terms of the relative 
magnitude of their stacking-fault energies. 


Mechanism of Oxidation of High-Purity Nickel 


J. A. SARTELL and Cc. H. LI: “The Mechanism of Oxid- 
ation of High-Purity Nickel in the Range 950°- 
1200°C,’ 

Jnl. Inst. Metals, 1961, vol. 90, Nov., pp. 92-6. 


In their introduction to the work reported, the 
authors allude to the fact that, although in previous 
studies of the oxidation behaviour of pure nickel 
at high temperatures it has generally been assumed 
that a single-layer NiO scale is formed, and that 
the rate of cation diffusion through this layer deter- 
mines the rate of oxidation, the inert-marker experi- 
ments of ILSCHNER and PFEIFFER (Naturwissenschaften, 
1953, vol. 40, p. 603) have shown that the marker 
is always located within the oxide scale. These 
results imply that anion diffusion as well as cation 
movement is involved in the growth of the oxide. 
Studies of the oxidation of nickel-copper alloys 
(the findings of which are to be published by the 
authors) have shown that, irrespective of the number 
of oxide layers in an oxide scale, the marker is 
always located at an interface and never within a 
single layer. For the growth of a given individual 
oxide layer, the diffusion of one, and only one, 
ion species is therefore rate-determining, and, since 
the results of Ilschner and Pfeiffer cast considerable 
doubt on the assumptions made in theoretical treat- 
ments, the present investigation was initiated in 
an attempt to elucidate the mechanism of oxidation 
of nickel. 


Plate specimens of spectrographic-grade nickel were 
oxidized in dry oxygen for up to 140 hours at temp- 
eratures in the range 950°-1200°C. Oxidation 
behaviour was studied by inert-marker and metallo- 
graphic techniques. 

Within the limits of time and temperature studied, 
the isothermal weight-gain showed a_ parabolic 
time-dependence, and almost every set of isothermal 
data fitted two consecutive parabolic relationships, 
one for the earlier, and one for the later, period 
of oxidation. When the oxidized specimens were 
examined, the inert markers were found to lie within 
the oxide scale. Examination under polarized 
light showed the scale to consist of two distinct 
oxide layers: a black outer layer made up of coarse 
columnar grains, and a light-green inner layer con- 
sisting of fine equiaxed grains. Further experiments 
revealed the black outer layer to be cation-deficient 
and the light-green layer to be probably anion- 
deficient. The markers were located at the interface 
between the green and the black layer, a location 
which was considered to be consistent with other 
microstructural observations, and indicated that the 
growth of the outer layer was due to cation movement, 
while the inner layer grew by anion movement. 

The temperature-dependence of the growth of the 
individual oxide layers and of the entire oxide 
scale was plotted. The slopes of the curves for the 
temperature dependence of the growth of the outer 
layer and the entire oxide scale were remarkably 
similar, but differed markedly from that of the inner 
oxide layer. The observations lead the authors 
to conclude that the growth of the outer layer and 
the overall scale growth are controlled by the same 
step in the oxidation process. The inert-marker 
measurements indicate that this step is the diffusion 
of cations through the outer oxide layer. The excel- 
lent adhesion of the oxide scale to nickel (and, there- 
fore, the excellent oxidation-resistance of nickel) 
is attributed to the ability of the scale to undergo 
significant amounts of plastic deformation. 





ELECTRODEPOSITION AND 
OTHER COATING METHODS 


Standardization of Surface Treatments for Metallic 
Materials: Symposium 


In October 1961 an ‘International Symposium 
on the Standardization of Surface Treatments for 
Metallic Materials’ was held in Turin under the 
aegis of UNIPREA. Twelve of the twenty papers 
discussed at the Symposium are of interest in relation 
to nickel/chromium plating, and their scope is there- 
fore indicated in the abstracts on the following pages. 


283 








Quality Labelling Scheme for Nickel/Chromium Plating 


O. J. JONES: ‘A Quality Labelling Scheme for Nickel/ 
Chromium Plating Based on British Standard 1224: 
1959’; 3 pp. 


Nickel/chromium plating has, for some _ thirty 
years, been deservedly popular as a finish for many 
articles, but during the period of nickel shortage 
some difficulty was experienced in maintaining 
optimum quality. There is now a growing realiz- 
ation, among platers and manufacturers of plated 
goods, that in the competitive world of to-day only 
the best is good enough, and that, if this type of finish 
is to retain its pre-eminent position, high standards 
of workmanship must be consistently maintained ; 
the user, on his part, must make a firm demand for 
plated goods of first-rate quality. Conditions for 
a campaign to restore confidence in plating are 
now particularly favourable. In 1959 the British 
Standards Institution revised its Standard for nickel/ 
chromium plating, incorporating in the revised 
edition requirements for thicker undercoatings of 
nickel (long recognized as essential for satisfactory 
service). Supplies of nickel ample to meet increased 
demands are now permanently assured, and improve- 
ments introduced during the past few years in plating 
techniques, equipment and control-test methods 
have made possible regular production of high- 
quality plating. 

The revised British Standard forms a sound basis 
for a labelling scheme having the dual aim of providing 
the plater, the manufacturer and the distributor with 
a means of certifying the high quality of their products, 
and of encouraging the user of plated goods to demand 
the best, by offering him a firm and quickly com- 
prehensive guarantee of quality. The International 
Nickel Company (Mond), Limited, is sponsoring 
the scheme, and will probably continue for some 
years to provide funds and personnel for its pro- 
motion, but, at any time, administration of the 
project could, if change were found to be desirable, 
be passed to any suitable non-commercial organiz- 
ation. The British Standards Institution Committee 
which drew up the revised Standard was composed of 
representatives of all sections of the plating industry, 
and its members warmly welcomed the proposal 
for launching such a project. Three other important 
organizations are also actively supporting the 
scheme: the British Non-Ferrous Metals Research 
Association, the Institute of Metal Finishing, and 
the Metal Finishing Association. 

Discussing the main features of the Quality Labelling 
Scheme, the author first outlines the requirements 
of B.S. 1224: 1959. The most important feature of 
the specification is the requirement relating to the 
minimum thickness of nickel and chromium deemed 
suitable for the different types of service to which 
the plated components will be exposed (classified 
as ‘severe’, ‘moderate’ and ‘mild’). The three 
differentially coloured labels which are being used 
in the scheme are directly related to the grades 
covered by the specification: red for ‘severe’ (exposed 
outdoor) service, blue for ‘moderate’ (steamy or 
damp indoor) service, green for ‘mild’ (warm, dry 


284 





indoor) service. The plater can thus guarantee the 
type and thickness of coating which has been applied, 
and the purchaser is made aware of the nature of 
the service for which the plated article is suitable. 
The ‘certificate’ labels are issued to participants 
in the scheme on condition that the person who 
attaches them to the goods gives a written undertaking 
that such labels will be used only on articles on which 
the plating meets the requirements of the B.S. 
specification grade claimed on the label. 

The author discusses the various types of label 
which have been devised to meet the needs of the 
respective trades which will be using them, and, 
in conclusion, refers to the ways in which the labelling 
scheme is being publicized and the encouraging 
results which have been obtained to date. It is 
emphasized that, though the project has so far 
been restricted to the U.K., such a scheme could 
well be operated elsewhere. Requests for details 
of the Standard and of the Labelling Scheme have 
been received from interests associated with the 
plating industry in Australia, India, Israel, South 
Africa, Spain and the United States, and, provided 
that a suitable national standard exists, the way 
would be clear for the initiation of a Quality Label 
Scheme for Plating in any country. 


International Standards for Metallic Coatings 


G. WESTON and H. M. GLASS: ‘Standards for Surface 
Coatings at the National and International Levels’; 
8 pp. 

Since an international symposium on standardiz- 
ation must obviously have as one of its objectives 
the future implementation of its decisions, the present 
paper was written ‘in the hope that it may help to 
indicate the direction in which developments might 
take place in the realm of international standard- 
ization’. 

Whether standardization work is undertaken at 
national or international level, certain essential 
principles have to be observed, and, in this context, 
much of what can be learnt from the experience 
of national standards organizations is applicable 
on an international scale. In the initial section of 
the paper, the authors therefore give an account of 
the work of the British Standards Institution, in 
the belief that it might be of value in indicating 
how efforts in the same field could be co-ordinated 
internationally. Work on the development of 
British Standards on surface coatings is reviewed 
up to the inauguration, in 1960, of the B.S.1.’s Industry 
Standards Committee on Surface Coatings. The 
new committee’s first task was to bring together, 
in a co-ordinated plan, all the many technical com- 
mittees that had existed hitherto in other sections 
of the B.S.I., and to provide a committee structure 
capable of handling the immediate programme of 
reviewing, and, where necessary, revising, existing 
British Standards, and undertaking the preparation 
of standards for new projects. The lines along which 
the committee has worked in carrying out this 
task are briefly outlined. 

















j 
j 


The main subject of the paper, the problems in- 
volved in promoting standardization on an inter- 
national basis, is dealt with under three sub-headings: 
‘The Organization’; ‘The Problem’; ‘The Procedure’. 

Long experience in the international field of general 
standardization has convinced the authors that the 
most effective way of promulgating the aims of such 
a conference as the present one is to refer the matter 
to the International Organization for Standardization, 
with the request that a technical committee should 
be established to deal with the project. The results 
of the work of such a committee would be published 
as I.S.O. recommendations, which, covering all 
aspects of standardization, would provide a basis 
for the drafting of national standards by the member 
bodies. 

The problem of developing an international standard 
is, first, one of preparing a well understood termin- 
ology, then, of agreeing on methods of testing, and, 
finally, arriving at agreed levels of attainment for all 
the characteristics of major importance (e.g., thick- 
ness of coating, adhesion) in the evaluation of the 
probable performance of a surface coating. Each 
of these three stages is discussed in general terms, 
and, in illustration of the points which will have to 
be considered at the international level, a comparison 
is made of the requirements laid down in national 
standards dealing with nickel/chromium plating on 
steel in France, Germany, India, Israel, Italy, the 
Netherlands, Poland, U.K., U.S.A., and Jugoslavia. 
In this connexion, the authors analyze the range of 
characteristics covered by the various standards, 
compare thickness requirements, and comment on 
the criteria used to evaluate corrosion-resistance 
and adhesion. 

It is stated that the Surface Coatings Industry 
Standards Committee of the B.S.I. would strongly 
support a proposal that the I.S.O. should set up 
a technical committee, and that the B.S.I. would 
be ready to become a participating member. The 
paper ends with a résumé of the procedure involved 
in setting up such a committee, and with suggestions 
as to its scope and the type of work that might be 
initially undertaken. 


A.S.T.M. Specifications for Decorative 

Nickel/Chromium Plating 

C. H. SAMPLE: ‘A.S.T.M. Specifications for Decorative 
Nickel/Chromium Plating’; 9 pp. 


The paper was written ‘to trace briefly the develop- 
ment of the American Society for Testing Materials 
specifications on decorative nickel/chromium plating 
from their inception up to the present time’. 

The author first alludes to the original specifications 
and the events which influenced their preparation. 
These standards were prepared, in 1935, by a joint 
committee composed of representatives of the 
American Society for Testing Materials, the American 
Electroplaters’ Society and the National Bureau 
of Standards, on the basis of the findings of laboratory 
studies and atmospheric-exposure tests carried out 
by the National Bureau of Standards from 1930 
onwards. In Tentative Specification A166-61T, 


first issued in 1935, the nickel constituent of nickel) 
chromium coatings on steel was required to be at 
least 0-0004 in. (104) and 0-0002 in. (Sy) thick 
for, respectively, ‘general’ and ‘mild’ service. The 
thickness of the chromium deposit was specified 
as 0-00002 in. (0-5u). The only other requirement 
demanded of the coatings was that they should, 
when subjected to a neutral salt-spray test (20 per 
cent. sodium chloride at 95°F.), exhibit no appreciable 
corrosion after 48 hours and 16 hours, respectively. 
Inclusion of a copper undercoating was permissible 
but not specifically required. Of the methods of 
thickness measurement described in the Specification, 
that for nickel and copper was based on measurement 
under a microscope; chromium thickness was deter- 
mined either microscopically or by a stripping 
method. 

With the issue, in 1939, of a further specification 
(now A219-58) defining methods of measuring local 
thickness of nickel and chromium (the microscope 
test and the spot test), the prescribed methods of 
thickness measurement were separated from the 
individual specifications on electrodeposited coatings. 

Specifications relating to coatings deposited on 
copper-base alloys and on zinc alloys were first 
published in 1941. The minimum thickness of nickel 
on copper alloys was stipulated as 0-0005, 0-0003 
and 0-0001 in. (12-5, 7°5 and 2-S5u) for three grades 
of coating. Nickel coatings on zinc were required 
to be at least 0-0005, 0:0003 and 0:0003 in. (12°5, 
7:5 and 7-5u) thick, again for three grades of coating. 
For coatings on zinc alloy, a copper undercoat 
was obligatory, the minimum thicknesses for the 
three grades being 0:0004, 0-0003 and 0-0002 in. 
(10, 7-5 and 5y). 

Work carried out by the National Bureau of 
Standards at about this time showed conclusively 
that the durability of nickel/chromium coatings 
improved with increase in the thickness of the coatings, 
and that the nickel deposit was of prime importance 
in this respect. Accordingly, in 1940, an additional 
classification for ‘severe’ service was added to the 
original specification for deposits on steel. This 
classification required the final nickel to be at least 
0-0006 in. (15u) thick, and the coating was to be 
subjected to a neutral salt-spray test lasting 72 
hours. Parallel with this modification, the minimum 
chromium thickness was reduced to 0-00001 in. 
(0-25). Whereas grades of coating had been 
previously designated as being satisfactory for 
‘severe’, ‘general’ and ‘mild’ service, it was now felt 
that these terms were too loosely defined, and in 
1940 they were deleted from the specifications. 
Nowadays, however, it is thought that such descriptive 
terms would, were they to be defined in somewhat 
more detail, serve as a very useful guide to those 
who are unfamiliar with decorative plating and the 
corrosion behaviour of electrodeposited coatings. 

In 1941, the specification for nickel and chromium 
on steel was further modified to include a still thicker 
class of coating: the final nickel thickness was to be 
0-001 in. (254) minimum, and the duration of the 
salt-spray test was extended to 96 hours. 

In the years that followed, it became increasingly 
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clear that the neutral salt-spray test, originally in- 
tended as a means of determining the continuity 
of the coating, was not a satisfactory method of 
predicting service behaviour, and, finally, in 1961, 
all references to this test were deleted from A.S.T.M. 
specifications. 

In recent years, several test programmes carried 
out by the sub-committee responsible for performance 
tests have indicated that the durability of bright- 
nickel/chromium coatings is generally inferior, 
thickness for thickness, to buffed dull-nickel/ 
chromium coatings. Furthermore, it was concluded 
from service observations that coatings on zinc- 
alloy die castings should, when subjected to the same 
service conditions, be at least as thick as those on 
steel. This conclusion led, in 1959, to the incorpor- 
ation of a thicker class of coating (requiring a final 
nickel thickness of 0-001 in. (254) minimum) into 
the specification covering coatings on zinc-alloy 
die castings. 

Recently Committee B-8 has been concerned with 
the preparation of a specification for double-layer 
nickel coatings. This new specification (Tentative 
Specification B375-61T), which was issued this year 
and relates to three thickness categories, requires 
a total minimum thickness of nickel of 1, 1:5 and 
2 mil (25, 38 and Sly) in grades incorporating 
dull or semi-bright layers at least 0-75, 1-15 and 
1-6 mil (19, 29 and 41y) thick, respectively. The 
thickness of the top coating of bright nickel is not 
specified, and the decision is left to the purchaser 
in the light of the ductility of the coating required 
in service. On articles subjected to appreciable 
deformation in service, the bright-nickel layer 
should not exceed 25 per cent. of the total thickness, 
but the thickness of the bright-nickel layer on rigid 
articles may be increased to 50 per cent. of the total. 
Two corrosion tests are referred to in the Specification: 
the CASS and the ‘Corrodkote’. Requirements as to 
the specific test to be used, the duration of the test, 
and the performance of the coatings during the test, 
are not specified, and are to be the subject of 
agreement between the plater and the purchaser. 

The author’s review leads him to conclude that, 
although the present A.S.T.M. specifications on 
nickel/chromium plating serve a useful purpose, 
they are by no means comprehensive. More 
knowledge of methods of measuring adhesion, 
ductility and lustre, and more information on the 
degree of correlation between corrosion-test results 
and service performance, are, for example, required. 


Belgian Standard for Nickel/Chromium Plating 


J. DE RUDDER and A. P. VAN DIJCK: ‘New Belgian 
Standards for Nickel/Chromium Plating’; 3 pp. 


Belgium at present possesses no official standards 
relating to electrodeposition of metals, and the 
plating industry has, of necessity, had to turn to 
various internal specifications (such as Standard 
C-6-52 developed by S.N.C.F.B.) as criteria for 
acceptance of plated parts. While these internal 
standards have proved of considerable value in the 
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past, the Association Belge d’Electrodeposition has 
recognized the urgent need for a revision of the 
requirements relating to nickel/chromium plating. 
In this paper the authors are concerned with the salient 
features of the first official Belgian Standard covering 
this field. 


The projected Standard, which is to be discussed 
with the Institut Belge de Normalisation before 


being submitted to public comment, will incorporate 
the following points: 


I. A Clause on Terminology and Definitions (includ- 
ing definition of the ‘significant surface’). 


II. Fundamental Categories of Coating Thickness. 
Five fundamental categories of coating, applic- 
able to matt nickel on steel, are envisaged: 
50u, 40u, 30n, 20u, and 10u. 


III. Application of the Fundamental Categories to 
the Principal Basis Metals and Various Types 
of Deposit. 

1. Steel 

Matt Nickel on Steel: See above. 
Bright Nickel on Steel: A copper undercoating 
is required, the thickness of which varies with 
the thickness of nickel as follows: 

Ni (u) 50 40 30 20 10 

Cu (u) 25 20 15 10 0 
Double-Layer Nickel on Steel: No copper 
undercoating is required, and the total thick- 
ness of the nickel is to be at least equal to 
that of a matt-nickel coating. It has been 
proposed that inclusion of a clause laying 
down the lower category of double-layer 
nickel should await the results of corrosion 
tests now in progress. 


2. Copper and Copper Alloys 
Two thicknesses are envisaged, with no re- 
strictions on the type of nickel deposit: 20u 
and 10u. 


. Zinc and Zinc Alloys 
A minimum copper undercoating of 8u 


is mandatory. The classes of nickel deposit 
are identical with those on steel. 


Ww 


IV. Chromium Deposits 
Chromium deposits should be of the order of 
0-3u thick. Thicker coatings are possible in 
the case of crack-free chromium. 


V. Service Conditions 
Four types of service condition are envisaged: 
very severe; severe; moderate; mild. Choice 
of coating for use under these conditions will 
be left to the manufacturer and customer. 


VI. Tests and Control 
1. Determination of Thickness: The thickness 
of the coating (the values mentioned in the 
paper are all minimal) is to be determined 
by microscopical measurements on sectioned 
specimens. 


2. Adhesion Tests: Adhesion is to be evaluated 
by a file test or a thermal-shock test. 








3. Corrosion Testing: The authors discuss 
the advantages and limitations of the SO, 
test stipulated in B.S. 1224: 1959, and con- 
clude that, of the tests available, the ‘Corrod- 
kote’ test gives results closest to the behaviour 
of decorative nickel during actual service. 
Details of the test are to be included in the 
Standard. 


Revision of the French Standard on Nickel/Chromium Plating 


J. GRILLIAT: ‘Revision of the French Standard on 
Nickel and Chromium Electrodeposited Coatings: 
Need for an International Standard’; 3 pp. 


French Standard A-91-101 covering nickel and 
chromium electrodeposited coatings has not been 
revised since it was issued more than 20 years ago, 
and so bears little relevance to the present-day 
requirements of the plating industry. In preparing 
a new national standard which would take account 
of recent developments in plating, due regard would, 
of course, have to be paid to foreign specifications, 
not only as a guide to requirements of proven value, 
but also as a means of standardizing thickness, 
grades of coating, and control methods as much as 
possible. Since several national standards are at 
present being, or due to be, revised, the author 
suggests that it might now be opportune to evolve 
a European Plating Standard, which might eventually 
serve, in conjunction with the relevant American 
specifications, as a basis for an International Standard. 
These considerations form the theme of the present 
paper, and the author develops them first with refer- 
ence to the revision of French Standard A-91-101, 
and then to the need for an International Standard. 

In the first section of the paper the author draws 
attention to the points on which the modifications 
likely to be made in the French Standard will be based. 
The salient points are noted below, under the heads 
employed by the author. 

Range of Thickness for Coatings 

Nickel or copper-+nickel coatings should be at 
least 10-50u thick on steel and zinc alloys, and at 
least 5-20. thick on copper and its alloys. Chromium, 
unless otherwise specified, should be at least 0-15u 
thick. It is proposed that any reference to the nature 
and thickness of the deposit should be followed by 
an indication of its type (e.g., matt, bright, double- 
layer, etc.). The coating thicknesses and the design- 
ations proposed are tabulated. 

The ‘significant surface’ on which the coating is 
to conform to the requirements of the Standard 
should be precisely defined. 


Test Methods 


The micrographic method should be adopted for 
measurement of the thickness of copper and nickel, 
and analytical chemistry for determination of chrom- 
ium thickness. For general control, physical methods 
(e.g., the magnetic and thermo-electric techniques) 
should be employed. 

Methods of evaluating adherence are commented 
upon, and the acetic-acid/salt-spray and ‘Corrodkote’ 


tests are alluded to as corrosion tests which will 
probably be included in the Standard. 


General Comments 


Notes should be included to guide the user in select- 
ing and specifying coatings, and to supplement the 
information on test procedures, etc. 

In the final section of the paper, the author draws 
attention to the need for a European Standard on 
plating. In his view, the advent of such developments 
as double-layer nickel will necessitate a revision of 
all national standards, and the opportunity should 
therefore be taken (especially in the light of recent 
developments in the European Common Market) of 
standardizing requirements for nickel/chromium 
electrodeposited coatings in Europe. This Standard 
could, it is suggested, well cover: designations; choice 
of coating and thickness of coating; methods of 
measuring thickness; corrosion testing. 


French Standards for Metallic Coatings and Surface Treatments 


P. MORISSET: ‘Review of Standardization Work in 
France Concerning Metallic Coatings and Treatments 
of Metallic’ Surfaces’; 5 pp. 


The author first reviews French standards, projected 
standards and relevant standardization work on 
electrodeposited coatings of nickel, copper, chrom- 
ium, zinc and cadmium, chemically deposited coatings 
of nickel, anodized aluminium, metallization and 
galvanizing. Subsequently the principles which have 
served as a basis for such standardization, and on 
which it is hoped agreement can be reached on the 
international plane, are discussed, and in the final 
section of the paper consideration is given to methods 
of testing. The various test procedures incorporated 
in French standards are outlined, and the author 
discusses the interpretation of thickness tests, con- 
tinuity tests and accelerated-corrosion tests. 


Swiss Standards on Nickel/Chromium Plating 


W. PARPAN: “The New Swiss Standard on Corrosion 
Protection by Metallic Coatings’; 3 pp. 


The preparation of a Swiss Standard relating to 
electrodeposited metallic coatings has been in progress 
for some time. In 1959 a special committee of 
experts on metal finishing prepared, with due attention 
to Swiss requirements, a final draft which, in April 
1961, was issued as Standards VSM 37200 and VSM 
37201. 

Standard VSM 37200, entitled ‘Corrosion Protection 
by Metallic Coatings; Electrolytic Procedures’, is 
concerned with the applications of the various 
metallic coatings and with deposit thicknesses. 
Standard VSM 37201 lays down requirements for 
coatings deposited on threaded components. 

In this paper the author discusses the requirements 
of the Standards in relation to nickel coatings (in 
particular, the service conditions covered and the 
deposit thickness stipulated for each). Reference 
is also made to work on test methods (e.g., corrosion 
tests) planned for the near future. 
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Testing of Nickel/Chromium Coatings for Thickness and 
Corrosion-Resistance 


G. N. FLINT and S. A. WATSON: “Testing of Decorative . 


Nickel/Chromium Coatings for Thickness and 


Corrosion-Resistance’; 9 pp. 


Most specifications covering nickel / chromium 
electrodeposited coatings stipulate tests for use in 
assessing the thickness, corrosion-resistance, adhesion, 
hardness and ductility of the deposits. Tests com- 
monly used for determining adhesion (e.g., burn- 
ishing, heating, filing), hardness (e.g., micro-hardness 
tests), and ductility (bend tests) are generally con- 
sidered adequate, but considerable differences of 
opinion exist as to the adequacy of the various 
procedures used for determination of thickness and 
corrosion- resistance. In this paper, the authors 
consider the degree to which various relevant accel- 
erated-corrosion tests are suitable for specification 
testing, and examine the factors involved in deter- 
mination of deposit thickness. 

The authors deem it reasonable to expect a suitable 
accelerated-corrosion test to be capable of: (1) assess- 
ing the continuity of the coating; (2) reproducing the 
same form and distribution of corrosion as would 
occur in service; (3) comparing different coatings in 
terms of performance, and, ideally, relating test 
performance to performance in service. In the 
first section of the paper, the SO, test, the acetic-acid/ 
salt-spray test, and the ‘Corrodkote’ test are evaluated 
on the basis of these three criteria. 

In the second section of the paper (concerned with 
determination of deposit thickness), the authors 
first review the advantages and limitations of the 
principal reference methods of measurement, and 
allude to the requirements of a ‘significant surface’. 
They then emphasize that liaison between designer 
and plater is necessary if an adequate coating thick- 
ness is to be obtained over the entire surface of the 
component, refer to the variations in deposit distribu- 
tion which occur as a result of placing the com- 
ponents at different locations on the jigging frame 
during plating, and urge the necessity, in sampling 
for thickness measurement, of taking the samples 
from the least favourable points on the jig. 

The literature data presented in support of the 
points raised are regarded as illustrating that the 
acetic-acid/salt-spray, | copper-chloride/acetic-acid/ 
salt-spray and ‘Corrodkote’ tests are suitable accept- 
ance tests for nickel/chromium coatings, but tend 
to give a misleadingly favourable impression of the 
service performance obtainable from coatings incor- 
porating a copper undercoat. In contrast, tests 
which involve exposure to SO, atmospheres are 
deemed unsatisfactory for acceptance purposes, since 
they are influenced more by the continuity of the 
chromium topcoat than by the thickness or type of 
the nickel undercoating. 

Specifications must, it is concluded, incorporate 
clauses ensuring definition of the significant surface 
of an article, so that the plater will jig the part in 
such a way that the significant surface is favourably 
placed to receive an adequate deposit. The authors 
consider also that, if plating to a specification thickness 
is to be an economic proposition, a restriction must 
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be placed on the measurement of deposit thickness in 
recesses (by, for example, limiting measurements 
to the parts of the surface which can be touched 
by a ball of standard size). Such a restriction draws 
the attention of the stylist to a feature of major 
significance in designing parts for plating. 


Measurement of the Thickness of the Individual Deposits in 
Copper + Nickel Composite Coatings 

v. RIccIO: ‘Non-Destructive Method of Measuring 
the Thickness of the Individual Layers in Composite 
Electrodeposits of Copper and Nickel on a Ferrous 
Substrate’; 5 pp. 


In this paper the author describes work carried out 
to determine the feasibility of applying the ‘Dermitron’ 
thickness tester to the non-destructive measurement 
of the thickness of the constituent electrodeposits 
of a copper/nickel composite coating on a ferrous 
substrate.* 

Details are given of the procedures employed in 
using the ‘Dermitron’ tester for this purpose, and 
the operating conditions established for determining 
the thickness of copper and nickel coatings are 
discussed. 

Although the type of copper undercoating had no 
appreciable effect on the measurements, the results 
obtained could, it was found, be influenced by the 
type of nickel constituting the nickel layer (due, in 
particular, to variations in magnetic permeability), 
and in the present study measurements were therefore 
made only on bright-nickel coatings. Chromium 
overcoatings up to Iu thick were found not to 
interfere. 

The technique is stated to be applicable to measure- 
ment of the thickness of copper in the range 5-50p, 
and of nickel in the range 5-35y, limits of error 
ranging from 3-5 and 5-10 per cent., respectively. 


Corrosion Testing of Nickel/Chromium Coatings in the German 
Car Industry 

Ww. KATZ: ‘Corrosion Testing of Decorative Nickel/ 
Chromium Coatings in the German Car Industry’; 
17 pp. 

In Germany, automobile parts such as bumpers, 
hub-caps and window frames, are, as a rule, produced, 
and electroplated, in the manufacturer’s own works, 
though in a few isolated cases the components are 
supplied under contract. Accessories such as lamp 





* The operation of the tester is based on the ‘skin effect’ (i.e., 
the tendency of alternating currents to travel closer to the surface 
of a metal as the frequency is increased). An eddy current is 
induced in the plated surface by means of a probe coil energized 
with an alternating current of radio frequency. An appreciable 
proportion of the eddy current flows in both the basis metal 
and the coating, and, provided that the coating and basis metal 
have different electrical conductivities and/or magnetic pro- 
perties, the strength of the induced eddy current varies with the 
thickness of the coating. In the present study, two probes of 
different frequency, and hence of different penetration, are 
applied successively. 


housings, mirrors, door handles, and trim, are, 
without exception, manufactured by specialist firms. 
The parts are tested by the manufacturer, and, in the 
case of those produced externally, also by the customer. 
Brass and zinc-base die castings, and steels of various 
quality and surface condition, are employed as 
basis metals for plating, and, besides the copper/ 
bright-nickel plating customary in Germany, double- 
layer nickel finds application in plating both steel 
and zinc-base die castings. In this paper the author 
reviews the corrosion tests employed in the German 
car industry, and discusses the significance, advant- 
ages and limitations of the various techniques in 
relation to the testing of nickel/chromium coatings 
and to the requirements demanded of a test method. 

The quality of the coatings is evaluated by subjecting 
them either to a thickness and corrosion test, or 
merely to a corrosion test alone (in which case no 
special thickness requirements are specified). Although 
their results are assessed in separate ways, the thick- 
ness and corrosion tests are carried out conjointly, 
and are intended to complement each other. 


Thickness testing is conducted mainly by destructive 
methods (e.g., by microscopical measurements on 
sectioned specimens, or by the jet method), and use 
of physical (electrical or magnetic) techniques is 
confined to the laboratory. Coulometric methods 
are less frequently used, and only in determining 
the thickness of chromium coatings. As an aid 
to operational control in the plating plant, the thick- 
ness of deposits on components of similar type is 
determined by gravimetric methods or by measure- 
ments conducted on coatings stripped from the basis 
metal. 

Since the components are always subjected to cor- 
rosion testing, special porosity tests can be dispensed 
with, and, with the exception of chromium deposits, 
which are subjected to a spray test with dilute hydro- 
chloric acid, such tests are seldom employed. 


In corrosion testing, use is made of both short- and 
long-time tests, though preference is given to acceler- 
ated tests. The salt-spray test with 3 per cent. 
NaCl solution (DIN 50907) is not in use, but a test 
with 5 per cent. salt solution (conforming to the 
requirements of A.S.T.M. B117-57T) finds limited 
application. 

Though it suffers from various deficiencies, the 
industrial-air test with SO, and CO, (conforming to 
Tentative Specification 50018) is in widespread use. 
After testing, the plated specimen should exhibit 
no signs of red rust or white zinc corrosion products, 
or, in one particular case, of the greenish-white 
corrosion products of the nickel. 

Recent years have seen the introduction of the 
‘Corrodkote’ test as an acceptance test. The CASS 
test is, however, as yet confined to laboratory studies, 
and is not used in acceptance testing. 

Efforts to develop faster tests are at present con- 
centrated on a technique in which filter paper soaked 
with ferroxyl solution is applied six times to the 
specimen for a period of ten minutes each time. 
This ferroxyl test, which is said to produce a corrosive 
attack similar to that associated with atmospheric- 


exposure tests, is now the subject of more detailed 
study and further development. 


Corrosion Testing of Copper/Nickel/Chromium-Plated Parts 


M. RENOUT and J. BOUTET: ‘Critical Essay on the 
Various Methods of Determining Resistance to 
Corrosion’; 7 pp. 


The information presented in the paper is based 
on experience gained by S.I.M.C.A. in the corrosion 
testing of copper/nickel/chromium-plated steel parts. 

The quality of the coatings is evaluated in three 
ways: (1) by accelerated-corrosion testing, using 
the acetic-acid/salt-spray, the ‘Corrodkote’ and the 
Testor (CO.+SO,+H,O vapour) tests; (2) by atmo- 
spheric-corrosion tests; and (3) by service tests 
involving exposure of specimens on the exterior 
of cars. The authors allude to the basis on which 
specimens are selected for testing, and consideration 
is then given to the methods by which the results of the 
corrosion tests are interpreted. Finally, the results 
of the acetic-acid/salt-spray tests are correlated with 
those of the ‘Corrodkote’ test, and an attempt is 
made to relate performance during atmospheric 
exposure to that assessed in terms of the results 
of the Testor test. 

The authors deem coatings with a minimum copper 
-+ nickel thickness of 40 (20u buffed copper + 20u 
nickel + lu chromium) to be suitable for service 
under the moderate atmospheric conditions to which 
the plated parts are usually subjected. In view of 
the export of parts to regions with severer climates, 
consideration is, however, being given to increasing 
this thickness to 40-50u (25u buffed copper + 25u 
nickel + lu chromium). 


Measurement of Levelling Power 


E. BERTORELLE and I. R. BELLOBONO: ‘A Method of 
Measuring Levelling Power in Plating Electrolytes’; 
4 pp. 

In this paper the authors review work concerned 
with the development of a method for quantitative 
measurement of the levelling capacity of plating 
solutions. 

To enable levelling to be studied in terms of the 
size and shape of the cathode profile, it was deeined 
necessary to establish a profile in which the degree 
of ‘roughness’ can be altered without change in shape 
of the profile, and in which measurements of deposit 
distribution at points close to each other on the 
cathode could be carried out using metallographic 
techniques. A pseudosinusoidal surface was adopted 
as a profile satisfying the technical requirements 
and being very easy to prepare (a metal wire of 
small diameter, e.g., 20-100, is wound tightly round 
a suitable metal tube, the specimen so formed is 
plated, and the cross section is then subjected to 
metallographic examination). 

Details are given of the levelling factor established 
for use in evaluating levelling power with the pseudo- 
sinusoidal profile. 
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Introduction to Nickel Plating 


INTERNATIONAL NICKEL COMPANY (MOND), LIMITED: 
‘Introduction to Nickel Plating.’* 
Pubin. 2304, 1961; 14 pp. 


This brochure is the first of a series which The 
International Nickel Company (Mond), Limited, 
plans to publish on various aspects of nickel plating. 
The individual items, which will be issued at intervals 
during the next two years, will cover the entire field 
of nickel plating, dealing with subjects such as design 
for plating, the Watts solution, corrosion-resistance of 
nickel and chromium deposits, tin-nickel-alloy plating, 
deposition from the sulphamate solution, and heavy 
nickel plating. A particular feature of these papers 
is that each subject will be dealt with by an acknow- 
ledged specialist in the plating field, and the authors 
have been commissioned to include the very latest 
information and to draw on experience and research 
data from all over the world. It is therefore hoped 
that the series, when complete, will constitute a 
uniquely up-to-date record of nickel plating and 
associated techniques which will be useful to platers, 
engineers, manufacturers, and designers. This first 
paper serves as an introduction to the subject, and 
provides a background against which individual 
aspects will later be developed in detail. 


After briefly summarizing the history of nickel 
plating from 1840 (when a patent was granted 
to Joseph Shore covering a method of obtaining 
a ‘superior’ and ‘preservative’ nickel surface on 
base metals) to the Second World War, the author 
discusses, in broad outline, the chemical aspects of 
nickel plating, preparation of the basis metal, and 
the applications found by electrodeposited nickel 
coatings. Some 98 per cent. of the nickel consumed in 
electroplating is used for decorative purposes; the 
remaining 2 per cent. goes to engineering applications, 
including such processes as electroforming, salvage and 
heavy deposition, and production of corrosion-resist- 
ant and abrasion-resistant coatings. The four main 
fields of application are correlated in the publication 
with the types of solution employed, the properties 
required in the deposits, and typical uses. Finally, 
brief consideration is given to the factors influencing 
the quality of decorative coatings, and, in this con- 
nexion, attention is drawn to the desirability of 
nickel plating to the requirements of British Standard 
1224: 1959. 


See also 


Design for Electroplating 


D. N. LAYTON: ‘Design for Electroplating.’* 
INTERNATIONAL NICKEL COMPANY (MOND), LIMITED, 
Publn. 2302: 1961; 12 pp. 


The author of this brochure, the second in the 
series on various aspects of nickel plating referred 





* We shall be pleased to supply a free copy of this publication. 
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to in the preceding abstract, contends that designers 
and draughtsmen should think about plating as 
carefully as they would about casting, forging, 
machining, or any other production process, since an 
understanding of the basic principles of plating, and 
of the major difficulties which occur, will enable them 
to avoid many pitfalls, and to design components 
which will satisfactorily meet service requirements. In 
this connexion, he considers the purposes for which 
electroplating can be used, and examines the basic 
technical details of the process in terms of the factors 
influencing the design of the component. 


The applications of electrodeposited coatings (e.g., 
in the engineering field, and as a means of providing 
corrosion protection and/or a particular surface 
appearance) are referred to, and the basic principles 
of the process are briefly outlined. Component design 
is then discussed in relation to the factors which must 
be taken into account to ensure optimum results during 
plating. In this connexion, consideration is given 
to the effects of surface geometry on the distribution 
of the electrodeposit, and to ways in which the com- 
ponent should be designed to achieve a uniform coat- 
ing. Under the heading of ‘serviceability’, attention 
is drawn to the importance of ensuring that a suffi- 
ciently thick coating is deposited on ‘significant’ 
surfaces, and to the desirability of designing such 
surfaces in as simple a contour as possible. It is 
emphasized that the ‘non-significant’ surface must 
also be given due consideration, since incorrect design 
may result in corrosion during plating if metal is 
not actually deposited on the surface, and the electro- 
lyte might become contaminated. The design of 
the component also affects the amount of space 
it occupies in the plating bath, and thus utilization 
of plant capacity must be borne in mind. It is pointed 
out that components which need polishing should 
be of relatively simple design, and that those of 
such a shape as to permit entrapment of the plating 
solution can cause contamination by carry-over of 
one solution to another. The fact that the dimen- 
sions of the component will be increased by plating 
must, in certain cases, be allowed for in the design 
stage. 


The specific factors which should receive the de- 

signer’s attention are listed in the next section of the 
publication, and the author finally discusses some 
of the ways in which the plater himself can help 
to produce satisfactory and serviceable deposits 
at an economic cost. The most important factors 
are considered in sections concerned with: method 
of suspending the parts (attachment to frames or 
racking), barrel plating, positioning of work, and 
methods of minimizing variation in deposit dis- 
tribution. 


The publication contains numerous drawings and 
photographs illustrating or supplementing the points 
raised in the text. These points are summarized in 
the table on page 291. 








Design for Electroplating 
(See abstract on p. 290) 





The designer is recommended to: 


Think of plating as carefully as he would of any 
other manufacturing process, e.g., casting, forging 
or grinding. 

Think of the service conditions, and specify the 
plated finish as carefully in relation to those con- 
ditions as he would specify metallurgical properties. 


Mark surfaces significant for polishing and plating. 

Incorporate plating in a logical position in the 
overall production-process sequence. 

Provide unplated reference faces and dimensions if 
machining of heavy deposits is necessary after 
plating. 

Provide allowances on dimensions of parts which 
have to mate on assembly after plating. 

Blend and radius all corners. 

Provide good points for the suspension of articles 
in the vats and for making electrical contact. 

Provide drainage ways for unavoidable recesses. 

Allow, if possible, for some deposition to take 
place on non-significant surfaces, or else provide 
for the protection of such surfaces in plating and 
in service. 


Consult an expert if in doubt. 





The designer should avoid: 


Making surfaces unnecessarily complicated in shape 
and detail. 


Calling for the plating of dissimilar basis metals 
on an assembled article. 


Calling for the plating of an open-structure 
assembly if better use can be made of the plating 
capacity by assembly of the items after plating. 











Advances in Nickel/Chromium Plating 


T. E. SUCH: 
Plating.’ 
Corrosion Prevention and Control, 1961, vol. 8, Aug., 
pp. 29-34; disc., pp. 34-5. 

The author alludes to the efforts that, ever since 
nickel/chromium plating became a commercial 
proposition, have been made to develop nickel- 
and aluminium-plating solutions that would produce 
deposits of improved brightness and smoothness. 
Even after the last war, emphasis in development 
work was still on brightness and levelling capacity, 
and very little attention was paid to corrosion- 
resistance, which tended to be taken for granted. 
It was assumed that the bright-nickel coating would 
confer ample protection on the basis metal, provided 
that it was sufficiently thick to be free from porosity, 
and was overplated with a flash of chromium to 
prevent tarnishing. The fact that components plated 
in this way failed rapidly during service led, however, 
to a reappraisal of the factors involved in the atmo- 
spheric corrosion of electrodeposited coatings, and 


‘Advances in Nickel and Chromium 


to intensive efforts to evolve a coating system which, 
while retaining the brightness and levelling charac- 
teristics of bright nickel, would offer improved 
corrosion-resistance. In this paper the author 
discusses the factors contributing to the lower 
corrosion-resistance of bright-nickel (compared with 
matt-nickel) coatings, and reviews the progress which 
has been made in the evolution of plating techniques 
associated with higher corrosion-resistance. 

Of these techniques, those producing double-layer 
(semi-bright + bright) nickel coatings and crack- 
free chromium deposits, the two systems which are 
finding greatest commercial acceptance, are dealt 
with in some detail. Consideration is given to the 
production, characteristics and advantages of the 
two coatings, and the reasons for their increased 
corrosion protection are outlined. 

The author suggests that double-layer nickel and 
crack-free chromium should be regarded as comple- 
mentary, since experience indicates that results are 
optimum when they are used in combination. He 
considers that, for most purposes, adequate pro- 
tection can be achieved from bright-nickel/chromium 
coatings deposited in conformance with the require- 
ments of B.S. 1224: 1959. For severely corrosive 
conditions (out-of-doors or in such places as kitchens) 
it is deemed advisable to use a coating of semi- 
bright nickel or double-layer nickel. For even 
greater protection, an overcoating of 0-00003 in. 
(0-00075 mm.) of crack-free chromium should be 
specified. 


Electrodeposition of Nickel in Narrow Crevices 


L. B. GARMON and H. LEIDHEISER: ‘Studies of the 
Electrodeposition of Metals in Narrow Crevices.’ 
Plating, 1961, vol. 48, Sept., pp. 1003-12. 


It is recognized that the thickness distribution of 
an electrodeposit is a function of the absolute size 
of the cathode profile, and it is generally accepted 
that a sufficiently small-scale recess differs in three 
respects from a large~scale recess of the same shape: 
(1) in the case of many plating solutions, metal 
deposited in small-scale recesses is, in contrast 
to that deposited in large-scale recesses, virtually 
uniform in thickness over the profile; (2) the relative 
throwing power of such plating solutions as the 
cyanide-copper and chromium baths changes as 
the absolute size of the recess is sufficiently reduced; 
(3) levelling takes place only over small-scale recesses. 

The present paper comprises the final report of 
A.E.S. Project No. 17, initiated with the aim of 
obtaining a better understanding of the factors 
governing the distribution of an electrodeposit on 
a micro-scale. It contains experimental data addi- 
tional to those previously presented by the authors 
on a crevice of a type which has not been studied 
by other investigators: one whose width is in the 
micro-range and whose depth is in the macro-range 
(see abstract in Nickel Bulletin, 1960, vol. 33, No. 4, 
p. 70). The data are interpreted with special reference 
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to a paper by WAGNER (ibid., pp. 997-1002) on ‘Calcu- 
lation of the Current Distribution at Electrodes 
Involving Slots’. 

The standard crevice employed in the majority 
of the experiments was 0-012 cm. wide and 0:8 cm. 
deep, and the coatings studied were deposited from 
various types of nickel- and copper-plating solutions. 
Data on both primary- and _ secondary-current 
distribution are treated by the authors. 


From the relatively good agreement between 
Wagner’s predictions and the experimental results 
given in the paper, it is concluded that deposit 
distribution obtained with the nickel- and acid- 
copper solutions studied is explicable on the basis 
of polarization theory, and that no new phenomena 
need be invoked to understand deposit distribution 
in a deep and narrow crevice such as that employed 
in the research described. Consideration is, however, 
given to the limitations imposed on the application 
of Wagner’s equations to profiles which might 
actually be encountered in research or in practical 
plating. 

Some generalizations drawn from the results of the 
study may, it is considered, be useful to the practical 
plater in controlling operations so as to improve 
microthrowing power: 

‘Since the plater usually has little control over the 
microgeometry of the cathode, good microthrowing 
power must depend on bath formulations and oper- 
ating conditions. These-should be chosen in such 
a way as to maximize the value of the polarization 
parameter, ke, which is the most important variable 
in determining the current distribution on a given 
microprofile. 

‘Ke is the product of the conductivity and the slope 
of the polarization curve, and thus experimental 
conditions which affect either of these parameters 
will affect the microthrowing power. The value 
of ke may be increased by any factor which increases 
the conductivity, such as an increase in temperature 
or the addition of a supporting electrolyte to the 
bath. The slope of the polarization curve may 
be increased by lowering the current density or by 
the choice of a plating bath with a steep polarization 
curve. In general, then, the greater the value 
of these two factors, the more uniform the deposit 
distribution over a microprofile.’ 


Electrodeposition of Tin-Nickel Alloys from the 
Pyrophosphate Solution 


T. L. R. CHAR and J. VAID: ‘Electrodeposition of Tin- 
Nickel Alloys from the Pyrophosphate Bath.’ 
Electroplating and Metal Finishing, 1961, vol. 14, 
Oct., pp. 367-73. 


In previous investigations, CHAR and his co-workers 
have studied the electrodeposition of, inter alia, 
nickel-zinc, nickel-cobalt, nickel-copper and nickel- 
tungsten alloys from pyrophosphate solutions (see, 
in this connexion, abstract in Nickel Bulletin, 1961, 
vol. 34, No. 10-11, p. 247, which covers a report 
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of work on deposition of nickel-iron deposits and 
contains references to abstracts of other relevant 
papers). In the research now described, the authors 
were concerned with establishing optimum con- 
ditions for deposition of tin-nickel alloys. 

Alloy deposition was carried out under conditions 
differing with respect to electrolyte concentration, 
addition agent, temperature and agitation, and a 
detailed study was made of the effect of plating 
variables on deposit composition, cathode efficiency 
and cathode potential. The results show that satis- 
factory alloy coatings, containing from 10 to 99 per 
cent. tin, can be deposited from the pyrophosphate 
solution. This composition range is, it is stated, 
wider than that obtainable from the chloride-fluoride 
solution, but the latter has the higher cathode 
efficiency. In other respects both solutions are 
similar. The operating conditions established as 
optimum, and plating characteristics under optimum 
conditions, are listed below. 





Solution Composition, g/l 
Stannous pyrophosphate 
Nickel chloride (NiCl,.6H2O) 
Pyrophosphate (P.0-,)~4 


20-6 
47-6 
130-7 (0-75M) 


Ammonium citrate .. te 10 
Tin 11-9 (0:1M) 
Nickel 11-7 (0:2M) 





Operating Conditions 





pH a SN as es 8-7 
Temperature, °C... nes 60 
Sp. resistivity, ohm/cu. cm. .. 4-2 
Bath voltage, v. 2°1-3-0 
Agitation, r.p.m. Se a nil 
Cathode Pt, Cu, brass 
Anode.. Pt, Sn, Ni 
Cathode c.d., amp./dm.? 0-5-6-0 
Anode c.d., amp./dm.? Sn 2:0, Ni 0-5 
Cathode efficiency, °% 64-91 
Anode efficiency, % .. Sn 107, Ni 100 
Cathode potential, v. 0:91-1:18 
Throwing number, N 0-011 
Deposit 
Composition, %Sn 67-92 


Hardness, Vickers 40 (68% Sn) 


Time to deposit 0-001 in. 
(min., at 3 amp./dm.”) .. 30 














NON-FERROUS ALLOYS 


Influence of Nickel on the Properties of 
Sand-Cast Gunmetals 


J. E. STOLARCZYK: ‘The Influence of Nickel on the 
Properties of Sand-Cast Gunmetals.’ 


British Foundryman, 1961, vol. 54, Sept., pp. 377-82. 


Addition of nickel is reported in the literature to 
have a beneficial effect on the properties of bronzes 
and gunmetals. In the survey of work carried out 
on as-cast materials which opens this paper, the 
author summarizes findings which, relating to the 
effects of nickel on freezing range, microstructure and 
casting characteristics (including the properties of 
test bars, the properties of gunmetal in thick sections, 
and the properties of bearing bronzes), lead him 
to the following conclusions: (1) Addition of nickel 
to bronzes and gunmetals results in a moderate in- 
crease in the liquidus temperature and an extension 
of the freezing range. (2) In thick sections, nickel 
appears to reduce porosity and cause it to be more 
uniformly distributed. Tensile properties vary less 
throughout the section and proof stress is increased. 
(3) Nickel additions are claimed to give rise to a 
better distribution of lead in gunmetals and bearing 
bronzes. (4) Information available on the effect 
of nickel on pressure-tightness and grain-size is 
inconclusive. (5) Gunmetals containing more than 
4 per cent. each of tin and nickel age-harden even 
at temperatures as low as 150°C., and, if used for 
components intended for elevated-temperature ser- 
vice, might therefore over-age and become brittle. 


In the second and main section of the paper, the 
author records and discusses the findings of experi- 
ments carried out to check the validity of these 
conclusions. Various types of sand casting in 
874-74-2-3 or 85-5-5-5 gunmetals, with and without 
nickel, were prepared for testing, the copper and 
tin contents of those containing 2 per cent. nickel 
being each reduced by 1 per cent. Data were ob- 
tained, and are presented, on the effects of nickel 
on (1) the grain structure of DTD bars in 85-5-5-5 
gunmetals; (2) the porosity and mechanical pro- 
perties of DTD bars and 2-in.- and 3-in.-thick 
(5-cm.- and 7-5-cm.-thick) plates in both gunmetals; 
(3) the pressure-tightness of both gunmetals; (4) the 
hot-tearing characteristics of 85-5-5-5 gunmetal. 
The paper also includes data on the stress-rupture 
properties and creep-resistance of 85-5-5-5 and 
86-7-5-2 gunmetals containing up to 3 per cent. 
nickel (which replaced 1 per cent. tin and the relevant 
amount of copper), and on the creep-resistance of 
874-734-2-3 gunmetal containing 0, 1 or 3 per cent. 
nickel. 


The conclusions which the author draws from these 
data are quoted below: 


‘The results confirm that nickel additions have 
useful effects in improving the overall soundness, 
tensile strength, and ductility of heavy sections 
in certain compositions. The 4%Sn-5%Zn-5%Pb- 
2%Ni alloy had almost as high tensile properties 


in 2- and 3-in. (5- and 7-5-cm.) sections as the 
874-73-2-3 gunmetal which was previously found 
to have the highest tensile properties of the nickel- 
free gunmetals in thick sections. Additions of nickel 
to the latter alloy produced some improvement in 
2-in. but not in 3-in. sections. In standard test 
bars the most useful effect of nickel was a moderate 
increase in proof stress (about 1 ton/sq. in. for 2 per 
cent. nickel), but ductility was slightly reduced. 


‘Addition of 2 per cent. nickel or 3 per cent. nickel 
improved the creep-resistance of 85-5-5-5, 874-74-2-3, 
and 86-7-5-2 gunmetals at 450° and 550°F. (230° 
and 290°C.). At the higher temperature, the differ- 
ence between the properties of the 85-5-5-5 alloy 
with and without nickel decreased sharply after 
1,000 or 2,000 hours, but the effect of nickel may 
be retained longer in gunmetals of other compositions 
having more stable structures at 550°F. (A similar 
investigation of a wider range of nickel-free gunmetals 
is described elsewhere.*) 


‘The addition of 2 per cent. nickel slightly refined 
the grain structure of test bars and smaller sections, 
but the refinement appeared to be entirely attributable 
to the increase in liquidus temperature (7° or 17°C. 
for each 1 per cent. nickel added, depending on 
whether the tin content is unchanged or reduced 
by an equal amount); castings with and without ' 
nickel poured at equal superheats had similar grain 
structures. The fine structures were associated 
with poorer pressure-tightness in small sections, as 
observed in previous work on nickel-free gunmetals, 
and pressure-tight castings of this size which cannot 
be fully fed would, therefore, require somewhat 
higher pouring temperatures if nickel is added to 
obtain increased proof stress and high-temperature 
creep strength. In thick sections, on the other 
hand, the pressure - tightness of the nickel alloys 
would no doubt benefit considerably from their 
greater soundness. 


‘Additional work is now in progress to determine 
the optimum gunmetal composition to which addi- 
tions of nickel should be made to take full advantage 
of the improvement in soundness in heavy sections 
and the rise in creep-resistance at elevated temp- 
eratures.’ 


Specific Heats of Copper-Nickel Alloys 


K. SCHRODER: ‘Effect of Magnetic Clusters on the 
Specific Heat of Ni-Cu and Fe-V Alloys.’ 


Jnl. Applied Physics, 1961, vol. 32, May, pp. 880-2. 


GUTHRIE et al., in measuring the specific heats of 
a series of copper-rich alloys at low temperatures 
(Physical Review, 1959, vol. 113, Jan. 1, pp. 45-8; 
Nickel Bulletin, 1959, vol. 32, No. 6, p. 178), found 
that the equation for the specific heat of alloys with 
64-68-59-52 per cent. copper was not entirely 
composed of terms linear and cubic in 7. Additional 
terms were required to express the data, because 
at low temperatures C/T increased with decrease 
in temperature. They suggested that these additional 





* STOLARCZYK: Ibid, 1960, vol. 53, p. 531. 
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terms in the specific heat are due to magnetic effects. 
Other workers established similar specific-heat 
curves for titanium-iron and iron-vanadium alloys. 
In the present paper the author attempts to explain 
an additional term in the specific heat of these 
nickel-copper and iron-vanadium alloys on _ the 
basis of ferromagnetic clusters. 


Creep and Fracture of Stable and Unstable 
Nickel-Tin Solid-Solution Alloys 


P. W. DAVIES and J. P. DENNISON: ‘Observations on 
the Creep and Fracture of Stable and Unstable 
Solid Solutions of Nickel-Tin Alloys.’ 

Jnl. Inst. Metals, 1961, vol. 90, Oct., pp. 53-6. 


The creep-resistance of pure metals can generally 
be increased by the addition of solute atoms only 
at the expense of an appreciable loss of creep ductility, 
and elongation at fracture often undergoes a further 
marked decrease if precipitation hardening is intro- 
duced to give rise to more significant decreases 
in creep rate. It has been noted that the fracture 
characteristics of an alloy may, in some cases, be 
improved by the addition of alloying elements, of 
unfavourable size-factor, which would tend to segre- 
gate to the grain boundaries (an additional factor 
may be the relative melting points of base metal 
and solute). In the study now reported, an attempt 
was made to correlate the creep and fracture pro- 
perties of a pure metal, single-phase alloys, and alloys 
undergoing precipitation during testing, by adding 
increasing amounts of a suitable solute to a high- 
purity base metal, eventually exceeding the solubility 
limit at the highest test temperature. 

High-purity nickel, data on the creep and fracture 
behaviour of which were already available, was used as 
the base metal, and tin was selected as the alloying 
element, largely on the grounds of its phase diagram, 
its large size-factor (1-58A, compared with 1-25A 
for nickel), difference in melting point, and a similar 
boiling point. 

Specimens of alloys containing 0-012, 0-24, 1-16 
or 5-7 per cent. tin were subjected to creep tests at 
400°, 500° and 600°C., and creep behaviour and frac- 
ture behaviour were compared with those of pure 
nickel. All four alloys were initially «-phase solid- 
solution alloys, but at the highest tin content the solu- 
bility limit was exceeded even at the highest test temp- 
erature. In ageing studies, specimens of alloys which, 
according to the phase diagram, should be liable to 
precipitation, were heated for up to 500 hours at the 
creep-test temperature, and subjected to hardness 
tests and metallographic examination. Creep-tested 
specimens were also submitted to metallographic 
examination. 

At magnifications up to x 1500, precipitation was 
observed (both in the ageing and creep tests) only 
in the 5-7 tin alloy. Precipitation did not result in 
any detectable change in hardness. The precipitate 
observed was of lamellar form, similar in appearance 
to peariiie. 

The creep data presented indicate that very small 
additions of tin give rise to a marked improvement 
in creep-resistance, with further significant improve- 
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ment as the limit of solid solubility is approached or 
exceeded, and only in the latter case was there an 
appreciable reduction in creep ductility. The main 
effect of solute hardening and precipitation in the 
alloys studied was, it is considered, on rate of deform- 
ation, rather than on fracture processes. 





CAST IRON 


Production of Hollow-Castings by the 
Centrifugal-Casting Technique 


See abstract on p. 282. 


Properties of ‘Ni-Hard’ 


INTERNATIONAL NICKEL COMPANY (MOND), LIMITED: 
‘*Ni-Hard’: A Summary of Properties.’ 
Publication 2425, 1961; 4 pp. 


The brochure contains information on the nickel- 
chromium abrasion- resistant white cast iron 
‘Ni-Hard’. The structure of the iron consists of hard 
carbide in a supporting phase rendered martensitic 
by the nickel content. The wearing faces of heavy 
castings may be chilled, so as to give a white-iron 
face, backed by grey cast iron where the metal 
has cooled more slowly. Two grades of ‘Ni-Hard’ 
are available: the high-carbon grade (3-2-3-6 per 
cent. carbon) exhibits maximum hardness; the lower- 
carbon grade (2-8-3-2 per cent. carbon) is employed 
when the service conditions demand maximum 
strength rather than highest possible hardness. 

Data tabulated on composition, physical properties 
and mechanical properties are supplemented by 
notes on chill casting, abrasion-resistance, heat- 
resistance, machinability, grinding, welding, heat- 
treatment, design of parts, and composition. Photo- 
micrographs illustrating the difference between the 
structure of ‘Ni-Hard’ and unalloyed cast iron 
are included in the brochure. 


Influence of Alloying Additions on the Properties 
of S.G. Iron 


R. E. SAVAGE: ‘Effect of Alloy Additions on the 
Properties of Ductile Iron.’ 


Foundry Trade Jnl., 1961, vol. 111, Oct. 26, pp. 515-17. 


The paper reported in this article was presented 
by R. E. SAVAGE at the first meeting of the Ductile 
Iron Section of the Gray Iron Founders’ Society, 
Cleveland, June 1961. The author’s aim was ‘to 
explore some of the potentialities which alloying 
provides in ductile (i.e., spheroidal-graphite) iron’, 
and, although the nickel-chromium high-alloy 
austenitic S.G. irons are briefly considered in this 
connexion, the main emphasis of the paper is on data 
comparing the properties of unalloyed S.G. iron with 
those obtainable in eight irons containing 1% Ni, 2% 
Ni, 33% Ni, 2% Ni + 0-55% Mo, 2% Ni + 0:°55% 
Mo + 0:25% V, 2% Ni+ 0:25% Mo, 3?% Ni+ 
0-55% Mo, and 32% Ni + 0°25% Mo. 





Welding S.G. Iron Without Post-Weld 
Annealing 


R. C. BATES and F. J. MORLEY: ‘Welding Nodular 
Iron Without Post-Weld Annealing.’ 


Welding Jnl., 1961, vol. 40, Sept., pp. 417s-22s. 


Strong crack-free welds can be readily produced 
in S.G. iron castings, using ENiFe electrodes with 
a minimum pre-heat and interpass temperature of 
600°F. (315°C.). If arc welding is employed, however, 
a layer of extremely brittle massive carbide is formed 
in the fusion lines (due to rapid solidification of the 
small pool of molten metal formed by the melting of a 
portion of the basis and filler metals), and impact 
strength and ductility are poor. Application of a post- 
weld graphitizing-ferritizing anneal will decompose 
the carbide and confer good ductility and impact pro- 
perties, but welding is frequently performed in the 
field, and annealing facilities are not therefore always 
available. The investigation reported by the authors 
was initiated in an attempt to satisfy the obvious 
need for a welding process capable of producing 
ductile joints in S.G. iron without a post-weld heat- 
treatment. More specifically, the authors wished 
to investigate the value, in this connexion, of 
‘buttering’ the joint surfaces at the foundry before 
application of the graphitizing-ferritizing anneal 
required for the production of ferritic S.G. iron. 

Deleterious carbides formed during deposition of 
the overlay deposits would be eliminated by the 
foundry anneal, and subsequent welding operations 
performed in the field would affect only the overlay 
deposits (which are not susceptible to the formation 
of massive carbide during welding), thus obviating 
the need for post-weld annealing. 

ENiFe, E307-15 and E6016 welding rods were 
evaluated for use both in the buttering and sub- 
sequent welding operations, and, in other tests, 
specimens buttered with ENiFe were welded with 
electrodes of ENi or modified ERN69 type (com- 
position: nickel 67, chromium 15, iron 8, manganese 
7, niobium 2, titanium 1, per cent.). The joints 
produced were subjected to metallographic examin- 
ation, and tensile properties, bend ductility, and 
impact properties were determined. 

The data presented demonstrate that the ductility 
of joints produced (with no post-weld heat-treat- 
ment) by (1) buttering and welding with E307-15, 
or (2) buttering with ENiFe and welding with 
modified ERN69, was far superior to that of as- 
welded joints made without buttering, and, indeed, 
equivalent to that of annealed weldments in S.G. 
iron. 

No post-weld heat-treatment is considered necessary 
with the buttering—-welding technique, but the 
buttering operations must be performed prior to 
the graphitizing-ferritizing annealing treatment given 
at the foundry, or a similar heat-treatment must be 
applied prior to final welding. 

The nil-ductility transition temperature of joints 
produced by the buttering-welding technique was 
sufficiently low to preclude the possibility of brittle 
fracture at service temperatures at or above room 
temperature. 


CONSTRUCTIONAL STEELS 


Low-Temperature Properties of High-Strength 
Aircraft and Missile Materials: Symposium 


See abstracts on pp. 303-7. 


Mechanism of Age Hardening in ‘Nitralloy N’ 


G. C. GOULD and H. J. BEATTIE: ‘The Hardening 
Mechanism in ‘Nitralloy N’ Steel.’ 

Trans. Metallurgical Soc., A.I.M.E., 1961, vol. 221, 
Aug., pp. 893-5. 


In a recent review of the properties of the low- 
alloy nickel-aluminium age-hardening steel ‘Nitralloy 
N’, SEABROOK (Metal Progress, 1961, vol. 79, Feb., 
pp. 80-3: abstract in Nickel Bulletin, 1961, vol. 34, 
No. 5, pp. 122-3) mentioned three possible mechan- 
isms of age hardening: order-disorder in the matrix, 
order-disorder in a precipitate, and a precipitate 
that goes into and out of solution reversibly without 
losing coherency. In this technical note, the authors 
present and discuss data indicating that the last 
of these mechanisms is the cause of age hardening 
in the steel. 


Dilatometric Characteristics of Nickel-containing 
Low-Alloy Welded Steels 


L. F. BUBBA, H. H. JOHNSON and R. D. sTouT: ‘Dilato- 
metric Characteristics of Welded Steels.’ 


Welding Jnl., 1961, vol. 40, Aug., pp. 364s-70s. 


The stress system in a weldment is strongly influenced 
by the transformation and thermal strain occurring 
in the basis steel and the weld metal due to the welding 
thermal cycle, a problem which has recently received 
wide recognition. Previous research has _ been 
concentrated primarily upon transformation charact- 
eristics, i.c., on determination of the transform- 
ation temperature and transformation products 
as a function of cooling rate (a paper by BERRY 
and ALLAN, reviewing this work and its application 
to the cold-cracking problem, was abstracted in 
Nickel Bulletin, 1960, vol. 33, No. 6, pp. 145-6). 
There have, however, apparently been no quantitative 
investigations of the strain aspect of the problem, 
i.e., of the strain accompanying transformation under 
varying conditions, or of the net strain imposed 
by a simulated welding thermal cycle. Such measure- 
ments are reported in the present paper for a variety 
of materials and thermal cycles. 

A _nickel-molybdenum-copper-steel weld metal 
and a series of carbon and alloy steels were selected 
for study. The weld metal (E11018) was taken 
from the centre of a multiple-pass butt weld de- 
posited in ‘HY-80’ nickel-chromium-molybdenum- 
steel plate. A212 carbon steel and A.I.S.1. 4140 
chromium-molybdenum steel were tested in the 
as-rolled condition, and the other carbon steel 
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(A302) was normalized. Specimens of ‘T-1’ and 
*“HY-80’ nickel-chromium-molybdenum steels were 
quenched from 1700° and 1610°F. (925° and 875°C.), 
respectively; both steels were tempered at 1200°F. 
(650°C.). 

Dimensional changes were recorded with a Leitz 
dilatometer, suitably modified for rapid thermal 
cycles. To provide a wide range of thermal con- 
ditions, three peak temperatures and three cooling 
rates were utilized, as follows: 








Average Average Average 
peak time to peak Cycle cooling 

temper- | temperature, No. rate at 
ature, seconds. 1300°F., 
°F. °F./sec. 
1625 8-5 15.2; 3 135, 60, 30 
2035 16 4, 5, 6 135, 60, 30 
2375 21 1085.9 135, 60, 30 




















Information was also obtained on the microstructure 

of each material in the as-received condition and 

after each thermal cycle. Vickers-hardness measure- 
ments were made. 

Consideration of the dilatometric characteristics 
of each of the steels studied leads the authors to 
draw the following general conclusions: 

‘(1) In general, the transformation strain is inde- 
pendent of carbon content and microstructure. 
Exceptions are noted with low peak temper- 
atures or when split transformations occur. 


‘(2) The transformation strain is independent of 


transformation temperature below 800°F. 
(425°C.), but decreases at higher transformation 
temperatures. 


‘(3) The observed transformation strain decreases 
when transformation occurs over a wide range 
of temperatures. 


‘(4) Approximate calculations indicate that sub- 
stantial stresses may be developed during trans- 
formation, particularly with split transformations 
involving a low-temperature martensite reaction. 


Substantial residual strains are observed with 
alloy steels, but not with a plain-carbon steel. 
These strains may be accompanied by residual 
stresses of considerable magnitude.’ 


“(5 


— 


Submerged-Arc Welding of ‘HY-80’: 
Flux and Filler-Wire Studies 
W. J. LEWIS, G. E. FAULKNER and P. J. RIEPPEL: ‘Flux 


and Filler-Wire Developments for Submerged-Arc 
Welding ‘HY-80’ Steel.’ 


Welding Jnl., 1961, vol. 40, Aug., pp. 337s-45s. 


The work reported was carried out in an effort 
to develop procedures for welding submarine hulls 
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by the submerged-arc welding process. Modern 
submarine hulls must be built to withstand severe 
impact loading at all operating temperatures, and 
the low-alloy nickel-chromium-molybdenum high- 
strength steel ‘HY-80’ employed as a material 
of construction has a minimum yield strength of 
80,000 p.s.i. and excellent notch-toughness properties 
(50 ft.-lb. Charpy V-notch impact energy at — 120°F.). 
Notch-tough welds can be produced by manual 
welding procedures. Many of the joints involved 
in the construction of the submarine hull are, how- 
ever, suitable for automatic welding by the submerged- 
arc process, i.e., one much more economical than 
manual welding. Since the notch-toughness of 
submerged-arc welds made with standard filler 
wires and fluxes was found to be unsatisfactory for 
submarine-hull construction, the study now reported 
was initiated to develop ways of rendering them so. 
More specifically, the study was aimed at producing 
submerged-arc weld metals with yield strengths of 
at least 80,000 p.s.i. (35-5 t.s.i.: 56 kg./mm.?) and 
Charpy V-notch impact energies of 20 ft.-Ib. 
(2-76 kgm.) at —100°F. (—75°C.), or a nil-ductility 
temperature of —100°F., in both the as-welded and 
stress-relieved conditions. 


Previous attempts to improve the notch-toughness 
of submerged-arc welds by changing the filler-wire 
composition had not proved successful, even though 
the filler-wire compositions matched those which, 
in other welding processes, had produced satisfactory 
welds. Studies subsequently made to determine 
why submerged-arc welds exhibited lower notch- 
toughness than inert-gas-shielded welds showed 
the former to contain (1) more inclusions, (2) more 
oxygen, and (3) more silicon. Since the flux was 
obviously the cause of the poor toughness properties, 
the first phase of the work was directed to the evolu- 
tion of more suitable fluxes. 


The scope and results of this phase, in which an 

evaluation was made of 75 experimental fluxes 
falling within the following limits of composition, 
are reported in detail by the authors: SiO, 18-38, 
MnO 0-20, Al,O, 0-20, CaO 0-50, Na,O 0-12, 
K,O 0-35-10:35, TiO, 0-20, and CaF, 7-27, per 
cent. Submerged-arc welds deposited with many 
of the experimental fluxes exhibited higher notch- 
toughness than weld metals deposited with commercial 
fluxes, and some of these weld metals exhibited 
higher notch-toughness than those deposited by 
inert-gas-shielded metal-arc welding. A flux of the 
following composition, employed with a commercial 
filler wire, produced weld metal exhibiting a Charpy 
V-notch impact energy higher than 50 ft.-lb. at 
—80°F. (—60°C.): Na,O 2-2, K,O 0-5, MgO 10, 
CaO 40, SiO, 20, TiO, 5, CaF, 20, per cent. 


Supplementary to the flux-development programme, 
a study was made to evolve filler wires (by increasing 
the amount of deoxidizers normally used) which 
would produce welds with satisfactory properties 
in both the as-welded and stress-relieved conditions. 
A filler wire of the following composition, employed 
with the above experimental flux, deposited weld 


metals with a notch-toughness higher than 40 ft.-lb. 
at —80°F. and with yield strengths higher than 
90,000 p.s.i. (40 t.s.i.: 63 kg./mm.?) in both conditions: 
carbon 0:09, manganese 1-12, silicon 0:29, phos- 
phorus 0-011, sulphur 0-01, aluminium 0-085, 
nickel 2-02, molybdenum 0-5, per cent. 

In drop-weight tests the nil-ductility temperature 
of specimens welded with the same combination of 
experimental flux and filler wire was established as 
—150°F. (—100°C.), a value which compares with 
a nil-ductility temperature of —100° to —200°F. 
(—75° to — 130°C.) for the ‘HY-80’ basis material. 





HEAT- AND CORROSION- 
RESISTING MATERIALS 


Structural Changes During Deformation of Nickel 
at High Temperatures and Strain Rates 


See abstract on p. 283. 


Mechanism of Oxidation of High-Purity Nickel 
See abstract on p. 283. 


Evolution of Nickel-base Precipitation- 
Hardening Alloys 


J. G. HOAG: ‘The Evolution of Nickel-base Precipit- 
ation-Hardening Superalloys.’ 

Defense Metals Information Center, Battelle Memorial 
Inst., Memorandum 84, Feb. 6, 1961; 10 pp. 


The memorandum is concerned with the develop- 
ment of the nickel-base ‘superalloys’, and with the 
alloy systems from which they are derived. ‘Super- 
alloys’ are defined as ‘the class of alloys that came into 
existence during World War II and exhibit high 
strength properties and excellent oxidation-resistance 
in the temperature range of about 1200°-1800°F. 
(650°-980°C.)’. The ‘Nimonic’ series of alloys, 
representative of British developments, is selected 
for discussion since the orderly sequence in which 
the alloys were evolved provides an appropriate 
basis for discussion of the various alloy systems 
involved. 

The evolution of the alloys is traced from the early 
work on nickel-chromium alloys (and the develop- 
ment of ‘Nimonic 75’), to work on the Ni-Cr-Al-Ti 
system (‘Nimonic 80°, ‘Nimonic 80A’), the 
Ni-Cr-Co-Al-Ti system (‘Nimonic 90’, ‘Nimonic 95’), 
and the Ni-Cr-Co-AlI-Ti-Mo system (‘Nimonic 100’, 
‘Nimonic 105’). Finally brief reference is made to 
the pattern of American and Russian alloy develop- 
ment and to improvements in production techniques. 





Recent Developments in Nickel- and 
Cobalt-base Alloys 


D. A. ROBERTS: ‘Review of Recent Developments in 
the Technology of Nickel-base and Cobalt-base 
Alloys.’ 

Defense Metals Information Center, Battelle Memorial 
Inst., Memorandum 104, May 5, 1961; 4 pp. 


The review is based on data made available to the 
Defense Metals Information Center during the period 
January 1-April 8, 1961. The developments sum- 
marized relate to (1) new alloys with improved 
properties, (2) dispersion-hardened alloys produced 
by powder metallurgy, and (3) the properties of 
existing materials. 

The following alloys fall within the first group: the 
new casting alloy ‘IN-100’ (cobalt 13-17, chromium 
8-11, molybdenum 2-4, titanium 4-5-5-5, aluminium 
5-6, vanadium 0-7-1-2, carbon 0-15-0-2, boron 
0:008-0-02, zirconium 0:03-0:09, per cent., re- 
mainder nickel) which has a higher rupture strength 
at temperatures up to 1900°F. (1035°C.) than any other 
‘superalloy’ so far commercially available; the casting 
alloy ‘Haynes Alloy No. 152’ (chromium 20-22, 
tungsten 10-12, niobium and tantalum 1-5-2-5, iron 
1-2-5, nickel 1 max., carbon 0:4-0°5, per cent., 
remainder cobalt), which offers advantages, under 
certain conditions, for use in turbine vanes operating 
above 1800°F. (980°C.); and a series of nickel-base 
casting alloys which, while not requiring vacuum 
melting, still exhibit stress-rupture properties adequate 
for higher-temperature applications. 

Powder-metallurgically-produced materials referred 
to include those of nickel-base (dispersion-hardened 
with alumina or magnesia) and ‘S-816" compositions 
produced by liquid-phase sintering. 

In assessing work on the properties of existing heat- 
resisting materials, the author alludes to studies 
evaluating the effects of rapid loading at elevated 
temperatures. 


Influence of Nickel, Carbon and Niobium on the 
High-Temperature Strength of Iron-Chromium-base 
Alloys 


E. E. UNDERWOOD, E. M. STEIN and G. K. 
‘Strengthening of Iron-base Alloys 
Columbium.’ 

Trans. Metallurgical Soc., A.I.M.E., 1961, vol. 221, 
Aug., pp. 676-82. 


In view of the unusually high stability reported 
to be exhibited by iron-niobium and niobium- 
carbon compounds, the investigation reported was 
initiated to examine the feasibility of increasing the 
high-temperature strength of iron-base alloys by 
using the two compounds as precipitation-hardening 
constituents. 

Two classes of alloy were studied, both containing 
a nominal 20 per cent. of chromium; one class was, 
however, nickel-free and the alloys were mainly 
ferritic: the other class contained 18 or 21 per cent. 
nickel, and the alloys were mainly austenitic. Nio- 
bium and carbon contents are included in the com- 
positions tabulated on p. 298. The influence of the 
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Composition of Niobium-containing Alloys* 
(See abstract en p. 297) 
































io | Mn | Si Cr | Ni Nb W Nb/C 
Yo | yA | ve | we | vie To pe Ratio 
| | | | 
NICKEL-FREE (FERRITIC) ALLOYS 
1 (< 0-03) (0-1) (0-1) (20) — — — 0 
2 (< 0-03) (0-1) (0-1) 20-0 = 0-92 as 30-467 
3 (< 0-03) (0-1) (0-1) (20) 1-68 — 56-84 
4 (< 0-03) (0-1) (0-1) 19-8 oo 2-58 —- 86-129 
5 (< 0-03) (0-1) (0-1) (20) — 3-20 a 107-160 
6 (< 0-03) (0-1) (0-1) 19-2 - 3-92 -— 130-196 
7 0-15 (0-1) (0-1) (20) - 1-42 -- 9-5 
8 0-28 (0-1) (0-1) (20) — 2:40 — 8-6 
9 0-20 (0-1) (0-1) (20) — 3°13 ~- 15-6 
10 0:28 (0-1) (0-1) (20) a 2°42 a 8-6 
11 0-30 (0-1) (0-1) (20) — Les 7 — S23 
‘2 0:46 (0-1) (O*1). (20) 0-98 — 2:1 
13 0-82 0:32 0-42 4 = 1-21 oo 15 
14 0-80 (0-3) (0-4) 20-9 = 1-21 1-82 ees 
15 0-82 (0-3) (0-4) 21-0 _ 1-82 — 2:2 
16 0-24 0-32 0-47 22-2 _ 5-02 — 20-9 
| | 
NICKEL-BEARING (AUSTENITIC) ALLOYS 
| ! 

17 (< 0-03) (0-1) (0-1) (18) (14) oo -- 0 
18 (< 0-03) (0-1) (0-1) (18) (14) 1-04 — 34-52 
19 (< 0-03) (0-1) (0-1) (18) (14) 1-76 — 59-88 
20 (< 0-03) (0-1) (0-1) (18) (14) 2-50 = 83-125 
21 (< 0-03) (0-1) (0-1) (18) (14) 3-98 == 133-199 
22 (< 0-03) (0-1) (0-1) | (18) (14) 3-39 = 113-169 
23 0-41 0-36 0:43 | pi? 3-96 2-57 — 6°3 
24 0-40 (0-4) (0-4) 21-2 7-00 2°28 -- 5:7 
25 0-39 (0-4) (0-4) 21-3 13-49 2°39 os 6:1 
26 0-81 0-37 0-38 20-9 13-71 2:48 — 3°1 





























* Parentheses denote nominal composition; other values obtained by chemical analysis. 
+ To be read as, for example, from 30/1 to 46/1, because of the uncertainty of the carbon content. 


niobium, carbon and nickel constituents on micro- 
structure, precipitation-hardening characteristics and 
high-temperature properties was determined by means 
of metallographic studies, hot-hardness tests and 
magnetic measurements. 

The data presented indicate that, of those studied, 
alloy 26 (see table above) possesses excellent 
high-temperature strength. The authors consider 
that nickel, carbon and niobium additions contribute 
to the formation of a strong stable matrix, and that 
two kinds of carbide particle interact to enhance 
their individual strengthening effects: the stable 
NbC and relatively unstable Cr,C particles may, 
it is suggested, co-operate in maintaining a high 
strength level, somewhat as described by Cottrell in 
the ‘complexity’ effect. 


The manner in which niobium promotes strengthen- 
ing of aged alloys is explained in terms of the 
niobium/carbon ratio. At low ratios, hardening 
occurs by the decomposition of austenite into 
bainite, or by particle hardening with NbC or Cr,C. 
At higher ratios, hardening is due primarily to the 
precipitation of Fe,Nb particles. Between, in the 
region of the stoichiometric niobium/carbon ratio 
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for NbC, aged alloys could, it was found, be softer 
than those solution-treated, probably because of 
a strong grain-boundary structure formed during 
solution-treatment. 


In austenitic alloys, precipitation hardening was 
not observed, but the test data show that strengthen- 
ing due to stable NbC particles can be considerable. 
Carbon and nickel additions achieved a definite 
increase in the hardness of the solid solution. The 
amount of niobium in solid solution, although 
slight, could have a significant influence through the 
saturation effect, whereby large increases in strength 
were noted near the phase limits. 


A marked invariance was evident in the slope of 
the hardness/temperature curves determined for 
ferritic and austenitic alloys at elevated temperatures, 
the difference in slopes between the two types of 
alloy being attributed by the authors more to the 
presence, or absence, of nickel than to differences 
in crystal structure. A similar invariance in slopes 
in the high-temperature region of the curve was 
reported by NISBET and HIBBARD for alloys with and 
without cobalt (ibid., 1953, vol. 197, p. 1149). 











Creep-Rupture Properties of ‘Inconel 713C’ in 
Helium and in Air 


J. C. BOKROS: ‘Effect of Environment on the Creep- 
Rupture Properties of ‘Inconel 713C’.’ 

U.S. Atomic Energy Commission, Report GA-1629, 
Oct. 21, 1960; 17 pp. 


The turbine machinery of the Maritime Gas-cooled 
Reactor has been designed to operate in the range 
1300°-1500°F. (705°-815°C.), using helium as the 
working fluid. Numerous data in the literature 
indicate that environmental conditions can, in 
some instances, influence the creep-rupture properties 
of metals and alloys, and it was therefore deemed 
necessary to evaluate the properties of the turbine- 
blade material (the complex nickel-chromium-base 
casting alloy ‘Inconel 713C’) in pure helium, in helium 
contaminated with air, and in air. 

Creep-rupture tests were carried out at 1300° 
and 1500 F. Two heats of ‘Inconel 713C’ were 
tested: one was melted in air and cast under argon; 
the other was vacuum-melted and vacuum-cast. 
Both heats were evaluated in the as-cast condition 
and exhibited a large non-uniform grain-size. 

The data derived from tests at 1300°F. indicate that 
the rupture life and ductility of ‘Inconel 713C’ in 
pure helium are equal to, or greater than, those 
in air. The lower ductility exhibited by specimens 
tested in air at 1300°F. was, it is concluded, 
probably due to the initiation of cracks as a result 
of the oxidation that occurred. At 1500°F. no 
environmental effect was observed greater than the 
scatter in the data obtained in duplicate tests. 

It is concluded that ‘Inconel 713C’ can be used as a 
turbine-blade material in helium without risk of a 
decrease in the rupture life or ductility exhibited 
by the material in air. 


Creep and Fracture of Nickel-Tin Alloys 
See abstract on p. 294. 


Mechanical Properties of ‘INOR-8’ 


R. W. SWINDEMAN: ‘The Mechanical Properties of 
*INOR-8’.’ 

U.S. Atomic Energy Commission, Report ORNL-2780, 
1961; 76 pp. 


‘INOR-8’ (now named ‘Hastelloy N’*) was developed 
as a material of construction for use in molten-salt 
reactors. When commercial heats of the alloy 
became available, test programmes to determine 
mechanical properties were undertaken by various 
organizations, including the Metallurgy Division of 
Oak Ridge National Laboratory. The investigations 
at Oak Ridge Laboratory were carried out with two 
main aims in mind: (1) to obtain design data for 
‘INOR-8’ under conditions similar to those in the 
molten-salt reactor; (2) to study the influence of 
various metallurgical factors on the strength and 





* Composition: molybdenum 15-19, chromium 6-8, iron 5 max., 
carbon 0-04-0-08, manganese 0-8 max., silicon 0-55 max., tungsten 
0-5 max., cobalt 0:2 max., titanium/aluminium 0-5 max., copper 
0-5 max., sulphur 0-01 max., phosphorus 0-01 max., boron 0-01 
max., per cent., remainder nickel. 





ductility of the alloy. The results of these studies are 
summarized in the present report. 

Most of the tests were conducted on two heats of 
wrought material. Sheet and rod specimens were 
subjected to tensile tests in air at various temperatures, 
and the effects of composition, grain-size, notches, 
ageing and carburization were taken into account. 
Creep tests were performed on rod and sheet speci- 
mens, in air and molten salt (nominal composition 
NaF 11-2, KF 41, LiF 45-3, UF, 2-5, mole per cent.) 
at temperatures in the range 1100°-1800°F. (595°- 
980°C.), mainly 1100°-1300°F. Finally the relax- 
ation characteristics of rod specimens were determ- 
ined in tests in air over the range 1150°-1600°F. 
(620°-870°C.). The test data are summarized in 
a series of curves, and the report includes photo- 
micrographs illustrating the findings of metallographic 
studies. 

The results of the investigation throw light on the 
range of tensile and creep properties which ‘INOR-8’ 
can be expected to exhibit when composition and 
grain-size are permitted to vary significantly. For 
lower-temperature applications a fine grain-size pro- 
duced the best strength properties, although even the 
weakest of the coarse-grained material was superior 
to many of the 18-8 chromium-nickel stainless steels. 

Since most of the long-time creep tests were per- 
formed on relatively coarse-grained material, a clear 
picture of the range in creep strength could not be 
obtained. The short-time data, however, revealed 
that at 1100°F. (595°C.) fine-grained material is 
slightly stronger, while at temperatures above 
1300°F. (705°C.) a coarse grain-size is desirable. 
The long-time creep properties of coarse-grained 
‘INOR-8’ are superior to those of many of the 
stainless steels. 

The alloy’s ductility was the only property arousing 
concern, since certain heats exhibited low values, 
especially in tensile tests at temperatures above 
1300°F. and in creep tests in the region of 1100°F. 
This finding suggests that problems might ensue if 
carburization or notches occur in the metal, and the 
author recommends that the influence of these two 
variables on stress-rupture and tensile properties 
should be studied further. 


Production of High-Strength Austenitic 
Stainless Steels 


K. J. IRVINE, D. T. LLEWELLYN and F. B. PICKERING: 
‘High-Strength Austenitic Stainless Steels.’ 

Jnl. Iron and Steel Inst., 1961, vol. 199, Oct., 
pp. 153-75. 


The demand for high-strength stainless steels has 
focused attention on the feasibility of developing 
precipitation-hardenable austenitic steels which would 
be soft and ductile in the solution-treated condition 
(and hence easily fabricated), and which, after fabric- 
ation, could be hardened by an ageing treatment at 
a temperature at which scaling would not be a problem 
(say, 650°-700°C.). Although high-strength steels 
can be obtained by precipitation hardening a ferrite 
or martensite structure, a similar level of strength 
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has not yet been obtained from an austenitic structure.* 
The attractive properties of the controlled-trans- 
formation steels depend upon complete transform- 
ation to martensite by a simple heat-treatment, 
and this effect requires such critical control of 
chemical composition that their development has 
been limited. It would, it is considered, represent 
a considerable advantage if similar mechanical 
properties could be obtained by precipitation from 
an austenitic matrix. The scope of the compre- 
hensive programme of research undertaken by the 
authors, with the aim of exploring possible methods 
of achieving high strength in austenitic stainless 
steels, is indicated below under the heads which 
they use in the present paper. 


(1) Solid-Solution Hardening 

Ferrite-Forming Elements 

The solid-solution-hardening effect of strongly 
ferrite-forming elements was studied by adding 
up to 10 per cent. of silicon, molybdenum, 
tungsten and vanadium to a 0-1%C-15%Cr-25% 
Ni-0-02%N base composition. 

The effects of the elements on the lattice para- 
meter of the austenite after solution-treatment 
were also examined. 


Austenite-Forming Elements 

Additions of up to 15 per cent. manganese, 
15 per cent. cobalt and 5 per cent. copper were 
made to a 0-1%C-18%Cr-10%Ni-0-029{N_ base 
composition and their influence on solid-solution 
hardening and the lattice parameter was estab- 
lished. The effect of increasing the nickel content 
up to 14 per cent. was also taken into account. 


Interstitial Elements 

The solution-treated hardness of an 18%Cr- 
10%Ni base was determined, as a function of 
nitrogen additions of 0-02, 0-14 and 0-3 per 
cent., at carbon levels of 0:08, 0-2, and 0-4 per 
cent. The effects of boron additions up to 0-2 per 
cent. were also established. 

Mechanical Properties 

The mechanical properties of steels containing 
the various alloying additions studied in the 
previous phases of the work were determined. 


(2) Age-Hardening Steels Utilizing a Carbide Precipitation 

Carbon-- Nitrogen Steels 

To determine their response to age hardening, 
steels similar to those previously employed in 
the investigations of the effects of interstitial 
elements were subjected to different ageing 
treatments in the range 700°-800°C. Mechanical 
properties were then determined. 
Carbon-+-Phosphorus Steels 

In view of evidence indicating that phosphorus 
could increase the precipitation-hardening effect 





* The authors emphasize that many of the steels loosely described 
as precipitation-hardening stainless steels are, in fact, transformed 
to martensite before ageing, and therefore cannot be classified as 
austenitic. The characteristics of such ‘controlled-transformation’ 
steels have already been reviewed by Irvine et al (ibid., 1959, vol. 
192, July, pp. 218-38: abstract in Nickel Bulletin, 1959, vol. 32, 
No. 11, pp. 331-2). 
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produced by carbide precipitation, this effect 
was examined in a 20%Cr-10%Ni base composi- 
tion at carbon contents of 0-1, 0:2, 0:4 and 0°6 
per cent. The influence of 0:03, 0-1, 0-2 and 
0-3 per cent. phosphorus was studied at each 
of these carbon levels. 


Carbon-+- Nitrogen+ Phosphorus Steels 

Since it was known that, to a large extent, 
there is an approximate equivalence between 
carbon and phosphorus and carbon and nitrogen 
in austenitic steel, it was decided to investigate 
the combined effects of carbon-+ phosphorus+ 
nitrogen at a constant carbon level of 0-2 per 
cent. (a level associated with appreciable age 
hardening), and contents of up to 0-3 per cent. 
phosphorus and 0-3 per cent. nitrogen. 


(3) Age-Hardening Steel Utilizing an Intermetallic-Compound 
Precipitation 


Nickel-Aluminium Steel 

In view of the successful use of aluminium as 
an age-hardening element in nickel-base alloys, 
experiments were carried out to investigate the 
feasibility of obtaining similar results in an austen- 
itic stainless steel of 0-05°%C-15°%Cr-25%Ni base 
with nominal aluminium contents of 0-75, 1-5,2°5, 
3-0 and 3-75 per cent. Hardness was determined 
as a function of various solution and ageing 
treatments, and tensile and impact data were 
also obtained. 


Nickel-Titanium Steels 

In the light of published data indicating that 
titanium produces pronounced age hardening in 
the austenitic materials ‘Tinidur’, ‘Discaloy’, 
‘A-286’ and ‘Unitemp 212’, tests were undertaken 
to determine whether age hardenability would 
be conferred on a 0:05°C-15%Cr-25%Ni-1%Mn- 
0-4%Si steel by additions of 1-5, 2-5 and 3-5 per 
cent. titanium. 

Nickel-Aluminium-Titanium Steels 

Since precipitation effects were found to be 
obtainable in stainless steels containing nickel/ 
aluminium and _ nickel/titanium, it was deemed 
of interest to establish whether precipitation would 
result in the presence of nickel, aluminium and 
titanium (a combination which has been found 
very effective in the ‘Nimonic’ alloys). A steel 
of 0:05%C-25%Ni-15%Cr-0:02%N composition 
was employed as a basis to which aluminium 
additions of 1, 2 and 3 per cent. were made 
at two titanium contents (1-5 and 2:5 per cent.). 


The experimental data obtained during the research 
programme are reported in extenso and discussed 
in detail, and the paper includes photomicrographs 
illustrating the structures obtained in the various 
age-hardened steels. 

The results indicate that, with the exception of 
those resulting from the interstitial elements carbon, 
nitrogen and boron, solid-solution-hardening effects 
were relatively slight. In general, the influence of 
substitutional elements on hardness increased with 
increase in the degree to which they differ from iron 








in interatomic distance. Since each of these alloying 
elements has an effect in contracting or expanding 
the iron lattice, they are deemed extremely useful 
in controlling the coherency strains in any precipit- 
ation reaction. 


The data presented show also that precipitation 
reactions provide the best means of obtaining high 
strength in an austenitic stainless steel. When 
use was made of carbide precipitation, the amount of 
hardening depended upon the total content of 
carbon-+nitrogen+phosphorus. When this total 
content approached 0-4 or 0-5 per cent., the strengths 
obtainable were relatively high (60-70 t.s.i.: 134,500- 
157,000 p.s.i.: 95-5-110 kg./mm.*); above a total 
addition of 0:5 per cent., the occurrence of cellular 
precipitation reduced ductility. Consequently, the 
optimum combination of properties is associated 
with a tensile-strength level in the region of 60 t.s.i. 

Very attractive properties were obtained in the 
austenitic steels in which the precipitating phase 
was an intermetallic compound. The precipitation 
reaction was found to occur in the temperature range 
750°-800°C. (hence, high-temperature properties 
are good), and, provided that the tendency to cellular 
precipitation is controlled, a satisfactory combination 
of strength and ductility can be obtained. Although, 
in the authors’ opinion, there is little to choose 
between the three systems studied (nickel-aluminium, 
nickel-titanium, nickel-aluminium-titanium), a steel 
of 25%Ni-15S%Cr-1%Al-23%Ti composition is pre- 
ferred as exhibiting satisfactory mechanical properties 
(with a tensile strength up to about 70 t.s.i.). 








‘Esshete 1250’: Austenitic Creep-Resisting Steel 


*“Esshete 1250’: A New Alloy Steel from Samuel 
Fox.’ 


Iron and Steel, 1961, vol. 34, Oct., p. 464. 


Samuel Fox and Company, Ltd., has started com- 
mercial production of a new austenitic creep-resisting 
steel, which, designed for service at temperatures 
up to 675°C., has been designated ‘Esshete 1250’. 
The steel is the outcome of a five-year programme 
of research and testing, and comprehensive data are 
therefore available on its properties and performance. 
These properties are summarized in the present article. 

‘Esshete 1250’ contains chromium 15, nickel 10, 
manganese 6, per cent., and smaller percentages 
of silicon, molybdenum, vanadium, niobium and 
boron. It is stated to combine a high level of rupture 
Strength with adequate ductility, good weldability, 
and satisfactory structural stability and oxidation- 
resistance during long-time exposure at elevated 
temperatures. 

The steel is claimed to be ideally suitable for service 
in power stations of advanced design, and has proven 
satisfactory for the production of bars, tubes, pipes 
and large forgings. Sheet trials are in progress. 
Large bars, pipes and plate can be readily fabricated 
in either the hot or cold condition (the term ‘cold 
forming’ is regarded as covering temperatures not 
exceeding 650°C., and ‘hot forming’, those not less 
than 900°C.). Whichever method of fabrication is 
adopted, the material requires re-solution-treatment 
at a temperature within the range 1050°-1150°C. 


Stress-Rupture Properties of ‘Esshete 1250’ 
(See abstract above) 















































tons/sq. in. 
Time 
(Hours) 
600°C 625°C. 650°C. 675°C. 700°C 
100 24-0 20:5 18-0 16-3 15-5 
300 22:0 18-5 10-5 15-1 14-6 
1,000 20-0 17-0 15-0 13-5 13-0 
3,000 18-5 16:0 14:0 12:0 10:0 
10,000 16°8 14-5 12:5 10°4 7°5 
30,000 (15-0) (13-3) (11-4) (8°9) (5-8) 
100,000 (13-9) (12-5) (10-8) (8:2 (4:5) 
Creep Properties of ‘Esshete 1250’ 
(See abstract above) 
Stress tor 0-1% Creep Strain, Stress for 0-2°4 Creep Strain, 
Temperature, L.s.i. USE 
"Ee. 
| 
1,000 | 3,000 10,000 1,000 3,000 10,000 
hours | hours hours hours hours hours 
650 7:60 | 6:00 5-15 7-80 7:25 6°65 
675 6-55 5-45 4-70 7-30 6-50 5-60 
700 4-90 3-60 1-80 5-60 5:30 3-10 
































Excellent results have been obtained in extensive 
weldability trials with various experimental and 
commercial electrodes. 

The structural stability of the steel compares, it 
is stated, most favourably with that of other more 
conventional austenitic steels, and its oxidation- 
resistance, assessed by laboratory tests and by 
exposure in an experimental element in a power 
station for a period of approximately two years, is 
comparable to that of other austenitic steels of the 
same chromium content. 

Data on mechanical properties are tabulated. 
Stress-rupture tests have so far extended to 25,000 
hours, and creep tests to 10,000 hours: the results 
are summarized in tables which are reproduced 
on p. 301. 

Like other austenitic steels, ‘Esshete 1250’ in the 
solution-treated condition exhibits low proof-stress 
values, whichcan, however, be improved by warm work- 
ing. This process is found to raise the 0-1 per cent. 
proof stress to 32 t.s.i. at room temperature, and 
to 23 t.s.i. at 625°C., while elongations on 4VA 
are maintained in the region of 48 per cent. and 
25 per cent., respectively. 


Influence of Long-Time Exposure at 1450°F. on the 
Structure and Impact-Resistance of Austenitic Steels 


E. A. STICHA: ‘Structural Stability of Commercial 
Wrought Austenitic Steels for Power-Plant Piping at 
Elevated Temperatures.’ 

Proc. Amer. Power Conference, 1960, vol. 22, pp. 
288-301. 


At temperatures above 1050°F. (565°C.), the common 
commercial grades of chromium-nickel austenitic 
steel exhibit considerably higher creep and rupture 
strength than the best of the ferritic steels. In the 
new high-pressure high-temperature steam power 
plants the austenitic steels have therefore been used 
as materials of construction for such components as 
superheater tubes and headers, turbine leads, throttle 
valves, steam chests, and even main steam piping. 
Although a number of investigators have reported 
that changes occur in austenitic steels aged at high 
temperatures, the ageing times employed in their 
studies were not long in relation to the life required 
of power-station equipment (several hundred thousand 
hours). It was therefore deemed advisable to determ- 
ine whether notch-sensitive structures would 
develop during long-time service. Formation of 
sigma phase, and its adverse effects on corrosion- 
resistance and impact-resistance, had, for example, 
been the subjects of much study, but no data were 
available on the extent to which embrittlement may 
proceed in 100,000 hours or more. The problem 
was further complicated by the variations in com- 
position encountered in commercial stainless steels. 
In the light of this situation, the comprehensive test 
programme reported by the author was initiated 
(at the Edward Research and Experimental Labor- 
atories) to correlate composition with changes in 
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microstructure and impact strength after long-time 
exposure at high temperatures. 


The following A.I.S.I. grades of chromium-nickel 
steel were selected for investigation: Type 304 (19-9), 
cold-drawn; Type 310 (25-20), annealed; Type 316 
(17-12-2-5Mo), annealed, hot-rolled or cold-drawn; 
Type 316L (low-carbon 17-12-2-5Mo), annealed; 
Type 316F (17-5-12-:5-2-5Mo-Se), cold-drawn; 
Type 317 (18-13-3-5Mo), annealed; Type 318 
(18-13-2-5Mo-Co), annealed; Type 321 (18-10-Ti) 
annealed. These grades of steel were selected as 
representative of the variations in chemistry, pro- 
cessing treatments (particularly mechanical and 
thermal), and forms encountered in power-plant 
piping. Major emphasis was placed on the molyb- 
denum-bearing grades, which, at the time the investig- 
ation was initiated, appeared to offer most promise 
for high-pressure high-temperature applications. 
The niobium-bearing grade, Type 347, wasnot studied 
because of numerous service failures. 

In the work described, bars of the various steels 
were aged, for times up to 61,000 hours, in electric 
furnaces at 1150°, 1250°, 1350° and 1450°F. (620°, 
675°, 735° and 785°C.). Sections were periodically 
removed for structural examination and, in most 
cases, impact testing. For the most part, impact 
testing (Charpy keyhole-notch) was conducted at 
room temperature, but some of the tests were per- 
formed at temperatures both below and above 
ambient. 

The tabular and graphical data and photomicro- 
graphs presented in the paper are discussed in terms 
of the light they throw on short-time and long-time 
heating effects, microstructural changes, and loss 
in impact strength due to sigma formation. The 
main findings of the test programme are summarized 
as follows: 


‘(1) Commercial grades of austenitic steel may lose 
considerable room-temperature impact resistance 
during long-time, high-temperature exposure. 

‘(2) Loss of impact properties is usually greatest 

at 1450°F. (the highest temperature of testing), 

but this varies with composition, etc. Altioys 
such as Type 321 and 316F show the greatest 
loss in the 1250° to 1350°F. (675°-735°C.) range. 


Deterioration of properties in the early stages 
of exposure is due to carbide precipitation and 
is relatively minor. The greater losses produced 
by longer ageing are the result of sigma form- 
ation. 


‘(3) 


‘(4) The extent to which impact properties degenerate 
seems to be a function of composition, with 
alloys of lower chromium equivalent showing 
less loss. 


‘(5) Impact characteristics of aged samples vary 
with test temperature, the values being lower 
at subnormal temperatures, and higher above 


ambient. 


‘(6) Steels less susceptible to embrittlement by 
elevated-temperature exposure may be obtained 
by lower equivalent chromium content, either 




















directly, or indirectly by use of higher carbon 
and/or nitrogen in the steel. 


‘(7) Phase diagrams showing the limiting chromium 


content for sigma formation to be about 18 per 
cent. may have to be revised to a lower limit. 

‘(8) A higher-molybdenum austenitic steel, Type 317, 
suffered catastrophic oxidation at 1350° and 
1450°F. (735° and 785°C.) after about 46,000 
hours. 
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Surface attack, probably nitriding, was noted 
in some of the steels aged at 1450°F., but none 
was observed at 1350°F. after 49,000 hours’ 
exposure.’ 


The author, in his final comments, refers to the 
intention of extending the scope of the research 
programme to include the effects of stress as well 
as temperature and time. He recommends that 
‘until more is known about time-embrittlement, and 
until specifications are revised to set forth more 
desirable composition limits, annealed austenitic 
steels (particularly molybdenum-bearing grades) for 
1100°F. (595°C.) service and higher should be made 
of material having a low chromium equivalent, if 
possible. Maximum equivalent chromium content 
will vary with temperature, but suggested limits 
are 19-5 per cent. for 1150°F. (620°C.) and 18-5 per 
cent. for 1250°F. (675°C.). Cold-worked material 
would require even lower limits.’ The problem of 
procuring material conforming to the required 
chromium equivalent is discussed. 


Pickling and Descaling of Heat-Resisting 
Steels and Alloys 


J. A. GURKLIS and L. D. MCGRAW: 
Descaling of High-Strength, 
Metals and Alloys.’ 

Defense Metals Information Center, Battelle Memorial 
Inst., Memorandum 85, Feb. 8, 1961; 16 pp. 


The aim of the memorandum, in which reference 
is made to a bibliography of 28 items, is ‘to bring 
together a partial selection of chemical and electro- 
chemical descaling and pickling procedures that 
have been employed on the high-strength high- 
temperature metals and alloys’. The term ‘descaling’ 
is applied to the removal of heavy oxide scale or 
films without appreciable removal of the basis 
metal; the term ‘pickling’ is employed by the authors 
to refer to the removal of oxide and scale together 
with some basis metal. 

The purposes for which pickling treatments are 
generally used are outlined, and reference is made 
to the factors which determine the pickling time 
and the composition of the acid-pickling solutions 
(usually containing inhibitors or other addition 
agents in combination with nitric acid and/or hydro- 
fluoric acid) to which the materials under consider- 
ation are most frequently subjected. Where there 
is risk of hydrogen embrittlement, pickling (except 
by anodic treatment) should, it is recommended, 


‘Pickling and 
High-Temperature 





be replaced by mechanical descaling methods. In 
this connexion, use of molten-caustic descaling 
baths can greatly reduce acid-pickling requirements. 

Sodium hydroxide is stated to be the basic constituent 
of several commercial descaling or scale-conditioning 
baths applicable to refractory metals and high- 
temperature alloys. The sodium-hydride and sodium- 
hydroxide descaling treatments are described, and 
details are given of several proprietary oxidizing- 
salt baths, which, employed prior to acid pickling, 
are widely used in descaling refractory metals and 
stainless steels. 

In the last two sections of the review the authors 
comment upon pickling and descaling procedures 
tabulated for (1) beryllium, molybdenum, niobium, 
tantalum, tungsten, and vanadium, and (2) high- 
strength alloys and steels. 

Pickling and descaling treatments tabulated for 
the following materials include particulars of solution 
composition, solution temperature, treatment time, 
and the purpose for which the treatment is principally 
suitable (e.g., large-scale pickling of bars and sheets, 
descaling of small parts): straight-chromium and 
austenitic stainless steels, ‘A-286’, ‘AM-350’, alloys 
1, 3, 6, 19, 21 and 25 of the ‘Haynes Stellite’ series, 
“17-4 P.H.’, ‘17-7 P.H.’, ‘P.H.15-7 Mo’, ‘Inconel X’ 
and alloys of similar type, ‘AM-355’, ‘Hastelloy B’, 
‘Hastelloy C’, ‘Hastelloy D’ and ‘Hastelloy F’. 

Solutions and procedures for passivating stainless 
steels are also tabulated. 


Production of Hollow Castings by the 
Centrifugal-Casting Technique 


See abstract on p. 282. 


Low-Temperature Properties of High-Strength 
Aircraft and Missile Materials: Symposium 


During the Sixty-Third Annual Meeting of the 
American Society for Testing Materials, 1960, a 
Symposium was held on ‘Low-Temperature Pro- 
perties of High-Strength Aircraft and Missile 
Materials’. The papers, and the discussion to which 
they gave rise, have now been published as A.S.7.M. 
Special Technical Publication No. 287, and reference 
is made below to those reporting work on nickel- 
containing materials. 


Suitability of Nickel-containing Materials for Use at 
Liquid-Hydrogen Temperature 

J. H. BELTON, L. L. GODBY and B. L. TAFT: ‘Materials 
for Use at Liquid- Hydrogen Temperature’, 
pp. 108-20; disc., p. 121. 


The present investigation, undertaken by Pratt & 
Whitney Aircraft in connexion with the design of 
the XLR-115 liquid-hydrogen rocket engine, was 
instigated by the urgent need for further information 
on the cryogenic properties of potential materials 
of construction. 
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Of the twenty-seven materials evaluated, six were 
of aluminium base, four of nickel base (‘Inconel X’, 
‘Waspaloy’, ‘Hastelloy X’, and ‘Inco 702’), three 
of copper base, two of titanium base, one (‘Multimet 
N-155’) of iron-nickel-chromium-cobalt base, and 
the remainder were steels (15-26-Ti (‘A-286’) and 
18-11-Nb chromium-nickel stainless steels, a nickel- 
chromium-molybdenum low-alloy steel, and two 
high-chromium stainless steels) and plastics. 

Tensile properties were determined at 78°, —104°, 
— 320° and — 423°F. (26°, —75°, — 196° and —253°C.), 
and coefficients of linear expansion were established 
over the ranges 78°F. to —104°F., —320°F. and 
—410°F. 

Some of the materials tested exhibited very high 
tensile strength, while maintaining good ductility, 
with no notch sensitivity, at the temperature of liquid 
hydrogen. The coefficients of linear expansion of 
the metallic materials decreased only slightly as the 
temperature approached that of liquid hydrogen, 
but those of the plastics decreased to a considerably 
greater degree at low temperatures. Wrought and 
cast aluminium-, nickel- and copper-base alloys, 
and the nickel-chromium-molybdenum low-alloy 
(S.A.E. 9310) and the ‘A-286’ steels are considered 
to be particularly suitable for use in contact with 
liquid hydrogen. 


Influence of Stress Concentration on the Tensile Strength 
of Nickel-containing Steel Sheet at Various Temperatures 


G. SACHS and J. G. SESSLER: “Effect of Stress Concentra- 
tion on Tensile Strength of Titanium and Steel 
Alloy Sheet at Various Temperatures’, pp. 122-35. 


The investigation reported was undertaken with the 
aim of throwing more light on the brittle failure of 
high-strength steel sheet by studying the effects of 
stress concentrations on the nominal tensile strength 
of specimens with edge notches of various root radii 
at temperatures ranging from —320° to +800°F. 
(—195° to +425°C.). 

The following materials were selected for investig- 
ation: nickel-containing low-alloy steels (A.M.S. 
6434, A.I.S.I. 4340, ‘300M’); ‘Vascojet 1000’ hot- 
work die steel; stainless steels (Type 410, Type 422m 
and ‘AM-350’); various titanium alloys. 


The conclusions drawn from the data presented 
are quoted below. 


‘1. The major factor influencing the degree of notch 
sensitivity of titanium and steel alloys is the actual 
tensile strength of the material. This applies gener- 
ally to sheet alloys heat-treated to optimum values, 
according to instructions of the suppliers. Below 
a certain minimum strength, neither steel nor titanium 
alloys exhibit sensitivity to stress concentrations at 
room temperature. Above the minimum strength 
level, notch sensitivity develops, and it becomes more 
severe with increasing tensile strength. 


‘2. As K; (theoretical stress concentration factor) 
is increased from a value of 1 (no notch), slight 
notch-strengthening occurs for all conventional 
alloys except for some steels at very low temperatures. 
This strengthening is associated with tri-axiality 
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in the vicinity of a notch and with a corresponding 
constraint to plastic deformation. Maximum notch 
strength is generally observed at K; values of about 
2 or 3. 


*3. A further increase in K; results in a decrease 
in notch strength. The pattern of this notch-weaken- 
ing with increasing K; is not always consistent. 
Titanium alloys appear more consistent than steels 
in this respect. 


‘4. In the absence of stress concentration (K;=1), 
neither the steel nor titanium alloys investigated 
exhibit a pronounced loss in strength at temperatures 
down to —320°F. However, in the presence of 
stress concentrations, steel alloys show a sharp 
transition (rapid drop in notch strength) near room 
temperature. The transition shifts to higher temp- 
eratures with increasing stress concentrations. 
Titanium alloys generally do not exhibit this sharp 
transition, even for high stress concentrations. 
These alloys become gradually more notch-sensitive 
as the temperature is reduced. 


‘5. At temperatures above room temperature, but 
below the tempering (or ageing) range, both steel 
and titanium alloys exhibit only a slight recovery 
in notch strength from the room-temperature con- 
dition. 

‘6. Based on limited data for completely brittle 
metal conditions, it appears that failure of such mater- 
ials subjected to various stress concentrations occurs 
at a constant maximum tensile strength for a range 
of stress patterns. These data also appear to confirm 
Neuber’s suggestion that crystalline aggregate 
materials (such as metals) are unable to retain very 
high stress concentrations.’ 


Low-Temperature Properties of Welded and Unwelded 
Stainless-Steel Sheet 


J. F. WATSON and J. L. CHRISTIAN: ‘Mechanical 
Properties of High-Strength 301 Stainless-Steel 
Sheet at 70, —320 and —423°F. in the Base-Metal 
and Welded-Joint Configuration’, pp. 136-49. 


The information presented by the authors is closely 
cognate with that given by WATSON in a paper of the 
same title published in Advances in Cryogenic Engin- 
eering, vol. 5, pp. 406-20: see abstract in Nickel 
Bulletin, 1961, vol. 34, No. 3, p. 79. 


Influence of ‘Zerolling’ on the Properties of 

Modified Type 347 Stainless Steel 

C. R. MAYNE: ‘Effect of Zerolling on Properties of 
Modified Type 347 Stainless Steel’, pp. 150-7; 
disc., p. 157. 


Studies by previous workers have demonstrated 
that the ductility of 18-8 stainless steels rolled to 
high tensile strengths at room temperature increases 
considerably at temperatures down to —320°F. 
(—195°C.), and that tensile strengths are also higher 
than at room temperature. Investigation of the 
effect of ‘zerolling’ stainless steels (i.e., working 
them at sub-zero temperatures) revealed that tensile 
strength was markedly increased, and that subsequent 























Compositions of *Zerolled’ Stainless Steels 








(See abstract on p. 304) 
Steel Cc Ni Cr Nb A Si Mn N Oo 
% % % y, % % % vo % 
Air-melted: 
i ee 0:05 12-5 18-1 2:06 — 0-46 1-07 — — 
0-05 12-5 18-2 0-98 0-43 0-57 1-15 0-02 0-026 
3 0-05 12-5 18-2 0:97 0-66 0-63 1-22 —_— _ 
4 0:06 12-5 18-3 0:95 1-00 0-67 1-24 — — 
5 0-05 9-4 18-5 0-92 0-33 0-49 1-33 0-029 0-0053 
6 0-06 9°5 18-4 0:95 0-42 0°65 1-29 — — 
7 0-06 9-4 18-5 0:96 0-70 0-68 1°45 — — 
Vacuum-melted: 
 —— ce 0:04 9°6 18°6 — — 0-57 0:53 0-0062 | 0-015 
9 0-04 9°6 18-6 1-13 —_ 0-56 0-39 — — 
10 0:04 9-6 18-8 0-83 0:70 0:48 a= — 






































heat-treatment at temperatures up to 800°F. (425°C.) 
resulted in additional strengthening. That this effect 
was particularly pronounced in A.I.S.I. Type 347 
stainless steel suggested the need for further investig- 
ation of this steel. The work carried out in this 
connexion is reported in the present paper. 


In the belief that the response of Type 347 stainless 
steel to ‘zerolling’ and subsequent heat-treatment 
would be enhanced by modifications to the standard 
composition, ten heats of steel (see table above) 
were produced for testing. In the group containing 
12:5 per cent. nickel, niobium and aluminium 
contents were subjected to substantial variations. 
In the air-melted group containing 9-5 per cent. 
nickel, the aluminium content was varied slightly 
while the niobium content was maintained reason- 
ably constant. The vacuum-melted heats provided 
specimens for study of the effects of niobium in 
the absence of residual amounts of aluminium, 
and vice versa. 

Specimens of each material were rolled to a 40 per 
cent. reduction at room temperature or at —105°F. 
(—76°C.). ‘Zerolled’ material was subjected to 12 
different heat-treatments (i.e., 1, 5, 24 or 100 hours 
at 500°, 800° or 1000°F. (260°, 425° or 540°C.)), 
and, in other experiments, steel rolled at room 
temperature was heated for 100 hours at 500°, 
800° or 1000°F. Specimens were subjected to tensile 
tests at room temperature and (in the case of heats 8, 
9 and 10 ‘zerolled’ and then tempered at 1000°F. 
for 100 hours) 500°, 800° and 1000°F. 

Data derived from the tensile tests at room temp- 
erature indicate that: (1) The difference in the strength 
exhibited by materials in the 12-5 per cent. nickel 
group, or by those in the 9-5 per cent. nickel group, 
are relatively minor. (2) Strength increased only 
slightly as the tempering time was increased from 
1 hour to 100 hours at 500° and 800°F. Longer 
times at 1000°F. resulted in lower strengths than 
those associated with short-time heating. (3) The 


strength of the 9-5 per cent. nickel steels was increased 
much more by ‘zerolling’ than that of those con- 
taining 12-5 per cent. nickel, an increase which 
was particularly marked after heat-treatment at 
500° and 800°F. 

The high-temperature tests on heats 8, 9 and 10 
indicated that, under the experimental conditions 
studied, materials ‘zeroiled’ at —105°F. and heat- 
treated at 800°F. retained their strength remarkably 
well up to 800°F. (at which temperature the strength 
level was about 70-75 per cent. that at room temp- 
erature). 

These results are regarded as confirming the strength- 
ening effect of ‘zerolling’ and subsequent heat- 
treatment at temperatures up to 800°F. With 
niobium or aluminium alloying additions, strengths 
were remarkably high. The potentialities of the 
technique are briefly discussed. 


Low-Temperature Properties 0f Precipitation-Hardening 

and Low-Alloy Steels 

J. E. CAMPBELL and L. P. RICE: ‘Properties of Some 
Precipitation-Hardening Stainless Steels and Low- 
Alloy High-Strength Steels at Very Low Temp- 
eratures’, pp. 158-67; disc., pp. 168-9. 


The investigation described was undertaken with 
the aim of obtaining more information on the 
mechanical properties of high-strength steels at the 
very low temperatures to which they would be sub- 
jected if used in liquid-fuelled rocket engines. 

The following materials were selected for testing: 
*‘AM-350’ sheet in the heat-treated condition; 
‘17-7 P.H.” sheet in the TH1050 and RH950 con- 
ditions; ‘P.H. 15-7 Mo’ sheet in the RH950 condition; 
A.LS.I. 4340 nickel-chromium-molybdenum low- 
alloy-steel bar heat-treated to a tensile strength 
of 269,000 p.s.i. (120 t.s.i.: 189 kg./mm.*); ‘300M’ 
steel bar heat-treated to a tensile strength of 
283,000 p.s.i. (126 t.s.i.: 199 kg./mm.*); A.LS.I. 
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H-11 chromium-molybdenum-vanadium low-alloy- 
steel sheet heat-treated to a tensile strength of 
312,000 p.s.i. (140 t.s.i.: 220 kg./mm.?). Tensile 
tests were conducted on notched and unnotched 
specimens at temperatures ranging from room temp- 
erature to —423°F. (—253°C.). Full details of the 
tests performed, the equipment used, and the results 
obtained are given in the paper. 


The investigation resulted in data supporting the 
following conclusions: 


‘1. The ‘17-7 P.H.’ stainless steel (sheet) in the 
THI1050 condition has considerably better low- 
temperature properties than it does in the RH950 
condition. This superiority is evident down to a 
temperature of —320°F. (—196°C.). Below this 
temperature, the notched strength and ductility in 
the TH1050 condition decrease rapidly. At —423°F. 
(—253°C.), the ‘17-7 P.H.’ in either condition is 
severely embrittled, 


‘2. ‘P.H. 15-7 Mo?’ stainless steel (sheet) in the 
RH950 condition has reasonably good mechanical 
properties down to —108°F. (—78°C.). Below this 
temperature, the notch strength and ductility fall 
rapidly to very low values. 


‘3. At low temperatures, ‘AM-350” stainless steel 

(sheet) in the SCT condition has tensile properties 
similar to ‘17-7 P.H.’ in the TH1050 condition. 
It has good strength and toughness at temperatures 
down to —108°F. As the temperature is further 
lowered, the ductility decreases, and at —423°F. 
this material is very brittle. 


‘4. The A.I.S.1. 4340 and ‘300M’ steels heat-treated 
to tensile strengths of 269,000 and 283,000 p.s.i., 
respectively, maintain good toughness and strength 
down to —108°F. Below this temperature, a 
ductile-to-brittle transition occurs which is somewhat 
more severe in the higher-strength material. Both 
alloys were extremely embrittled at —423°F. 


‘5. A.I.S.I. H-11 steel (sheet) heat-treated to 
312,000 p.s.i. tensile strength showed evidence of 
notch embrittlement at, or just below, room temp- 
erature. At cryogenic temperatures, this steel is 
severely embrittled.’ 


Low-Temperature Properties of Cold-Rolled 18-8-type 

Stainless Steels 

J. F. WATSON and J. L. CHRISTIAN: ‘Low-Temperature 
Properties of Cold-Rolled A.I.S.I. Types 301, 302, 
304 ELC, and 310 Stainless-Steel Sheet’, pp. 170-93; 
disc., pp. 194-5. 


The excellent weldability and low-temperature 
toughness of the austenitic stainless steels, and the 
fact that their strength/density ratio improves 
markedly at low temperatures, render them suitable 
for use in missiles and space vehicles, where, in the 
cold-rolled condition, they are used for skins and 
other highly stressed structural members at temp- 
eratures ranging down to —423°F. (—253°C.). 
In the investigation now reported, the mechanical 
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properties of the following cold-rolled chromium- 
nickel austenitic steels were determined at + 78°, 
—100°, —320° and —423°F. (26°, —75°, —195° 
and —253°C.): A.LS.I. Type 301 17-7 steel cold- 
rolled 40, 50 or 60 per cent.; Type 301N nitrogen- 
containing 17-7 steel cold-rolled 60 per cent.; 
Type 302 18-8 steel cold-rolled 40 or 60 per cent.; 
Type 304ELC low-carbon 18-10 steel cold-rolled 
50 per cent.; Type 310 25-20 steel cold-rolled 40, 
60 or 75 per cent. To prevent excessive carbide 
precipitation during welding, the carbon content 
of the Type 301 steel was limited to 0-1 per cent. 
The steels were tested at thicknesses ranging from 
0-013-0-032 in. (0-325-0-°8 mm.). Tensile tests 
were performed on smooth and notched (stress- 
concentration factor K;=6-:3) specimens, and data 
were obtained on yield and tensile strengths, elong- 
ation, and notched/unnotched tensile ratios. The 
tensile strength and elongation of heliarc butt-welded 
joints were also determined. 


The data to which the investigation gave rise are 
presented in tabular and graphical form, and photo- 
micrographs of fracture surfaces are included in the 
paper. 


The authors conclude that the mechanical pro- 
perties of the five types of steel are, in the temp- 
erature range investigated, structure - dependent. 
The dependence of structure on chemical composition, 
temperature, tensile stress and prior deformation 
was in agreement with the findings of previous 
investigations. The low-temperature behaviour of 
fully stable steels (such as Type 310) conformed to 
that generally exhibited by face-centered-cubic 
metals: toughness was retained at low temperatures 
(i.e., notched/unnotched tensile ratios were high}, 
and yield and tensile strengths increased moderately 
with fall in temperature for cold-worked conditions. 
The behaviour of the unstable steels at low temp- 
eratures was found to be governed by the amount 
and composition of martensite formed during cold 
rolling at room temperature and tensile testing 
at cryogenic temperatures. 

In general, increasing amounts of martensite had 
the effect of increasing tensile and yield strengths 
and decreasing toughness at a given temperature, 
although the magnitude of these effects was strongly 
dependent upon interstitial content. Although, for 
example, large amounts of martensite were formed in 
Type 304ELC during tensile testing at —320°F., the 
steel retained good toughness (i.e., a notched/ 
unnotched tensile ratio of 1-04) due to its low carbon 
content (0-023 per cent.). On account of its high 
interstitial content (0-13 per cent. nitrogen and 
0-1 per cent. carbon), Type 301N steel, which under- 
went transformation during tensile testing at —320°F., 
exhibited a much more brittle behaviour than 
Type 301. 

Steels commonly regarded as stable at 78°F. (e.g., 
Type 302) were found to be subject to austenite-to- 
martensite transformation at —320° and —423°F. 
and exhibited brittle behaviour (as reflected in low 
notched/unnotched tensile ratios). The magnitude 
of this effect was governed by the degree of cold work 




















to which they had been subjected at room temper- 
ature prior to low-temperature testing. Generally, 
the authors conclude, an optimum degree of cold work 
exists for maximum toughness during tensile testing 
at low temperature (e.g., 60 per cent. with Type 301 
steel). 


Influence of Carbon Content on the Notch Properties 

of Vanadium-Modified Nickel-Chromium-Molybdenum 

Low-alloy Steels 

E. P. KLIER: ‘Effect of Carbon Content on the Notch 
Properties of 43XX-Vanadium Modified and 5 per 
cent. Chromium Sheet Steels’, pp. 196-207; disc., 
pp. 207-14. 


This paper was abstracted, from the preprint then 
available, in Nickel Bulletin, 1960, vol. 33, No. 12, 
p. 310. 


Smooth and Sharp-Notch Tensile Properties of 
Cold-Reduced Stainless-Steel Sheet 
at Low Temperatures 


M. P. HANSON: ‘Smooth and Sharp-Notch Tensile 
Properties of Cold-Reduced A.I.S.I. 301 and 304L 
Stainless-Steel Sheet at 75°, —320° and —423°F.’ 
Nat. Aeronautics and Space Administration, Tech- 
Note D-592, Feb. 1961; 31 pp. 


The use of liquefied gases as rocket propellants 
has focused attention on the need for further data 
on the mechanical properties of relevant structural 
materials at low temperatures. Previous work in this 
connexion (carried out by EsPEY et al.) had been 
concerned with (1) determination of the room- 
temperature smooth and sharp-notch tensile pro- 
perties of a number of ferritic and austenitic steels, 
including Type 301 and Type 304L sheet specimens 
0-063 in. (1°575 mm.) thick subjected to cold 
reductions of up to 70 per cent. (see abstract in 
Nickel Bulletin, 1960, vol. 33, No. 8-9, p. 215), and 
(2) investigation of the smooth and sharp-notch 
tensile properties of cold-worked Type 301 and 
304L sheet at —320°F. (abstract in Nickel Bulletin, 
1960, vol. 33, No. 8-9, pp. 215-6). The fact that 
high tensile strengths, in conjunction with high 
elongation and ductile notch fractures, were obtained 
at —320°F. suggested the value of studying the 
behaviour of the two steels at —423°F. (—253°C.), 
and hence of determining their suitability for use at 
liquid-hydrogen temperatures. Such a study is 
reported by the present author. 

The percentage composition of the two steels is 
given in the table below. 








Element 304L 301 
Cc 0-017 0-10 
Mn 1-38 1-24 
P 0-016 0-033 
S 0-019 0-020 
Si 0:65 0-53 
Ni 9-44 7:28 
Cr 18-18 17-16 

















Sheet in Type 301 steel was tested after 20, 40, 
60 or 70 per cent. cold reduction; that in Type 304L 
was tested after reductions of 40, 60 or 70 per cent. 
Cold rolling was effected at room temperature. The 
tensile data obtained on this 0-063-in. (1-575-mm.) 
sheet were supplemented by data derived in tests on 
0-031-in. (0:775-mm.) material cold rolled 70 per 
cent. Smooth tensile and yield strengths, percentage 
elongation, and notch tensile strength were deter- 
mined under all the test conditions studied. To 
establish the influence of notch severity on notch 
strength, data obtained with sharp-notched specimens 
were compared with those previously obtained with 
moderate notches. The degree of austenite-marten- 
site transformation was established using X-ray- 
diffraction techniques. 


On the basis of the results obtained, the two steels 
are regarded as offering some promise of satisfactory 
service at temperatures down to —423°F. Although 
its effects on smooth tensile and yield strengths 
were minor, directionality had an appreciable in- 
fluence upon the notch tensile strength, an influence 
which became generally more pronounced with 
increase in the degree of reduction. At all reductions, 
notch strength was lower in the transverse direction 
than in the longitudinal direction. 


The smooth tensile and yield strengths at —423°F. 
were increased by cold (room-temperature) reduc- 
tions up to 70 per cent., but when notch-strength 
and directionality properties were taken into account, 
a 60 per cent. reduction appeared to be optimum 
for both steels. 


With the exception of the transverse notch strength 
of the Type 301 specimens subjected to less than 
70 per cent. cold reduction, the smooth and notch 
strength properties at —320° and —423°F. were 
not lower than those at 75°F. 


The data show' that, in general, notch-tensile/yield- 
strength ratios at —423°F. decreased with increase in 
cold (room-temperature) reduction. When the cold- 
reduction was less than 60 per cent., however, 
the ratio was greater than 0°87 in the longitudinal 
direction, with lower ratios in the transverse direction. 


Strengthening of Type 301 steel during cold re- 
duction, and particularly at high reductions, is 
ascribed in part to austenite-to-martensite transform- 
ation, though the same effect was not observed with 
Type 304L. As a result of straining due to testing, 
however, transformation occurred to a considerable 
extent (up to complete transformation) in both 
steels at —423°F. 


Elongation (in a 2-in. gauge length) decreased sharply 
with fall in temperature from —320° to —423°F., 
but all the fractures were found to be ductile (as 
evidenced by some degree of shear and reduction- 
in-area). Plastic deformation varied from uniform 
elongation to localized yielding and necking, particu- 
larly in specimens subjected to high cold reductions. 
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Occurrence of Magnetism in a High-Carbon 
Austenitic Stainless Steel 


S. M. PURDY: ‘Magnetism in a High-Carbon Stainless 
Steel.’ 

Trans. Metallurgical Soc., A.I.M.E., 1961, vol. 221, 
Aug., pp. 787-8. 


Under certain conditions of hot rolling and air 
cooling from the hot-rolling temperature, bars in 
the high-carbon chromium-nickel austenitic exhaust- 
valve steel ‘Silchrome 10’ were found to be magnetic, 
even though no ferrite or martensite (only austenite 
and CrosCg) could be detected by microscopical 
or X-ray techniques. This paper records the findings 
of a study undertaken to elucidate the phenomenon 


Specimens from non-magnetic hot-rolled bars 
(obtained from two heats of the following compo- 
sition) were annealed at temperatures in the range 
1700°-2300°F. (925°-1260°C.): 





C | Mn] Si} P S | Cr | Ni|Mo| Cu] N, 





0°39 
0-37 


1-15 |3 -23}0-026/0 -008/18 - 76/8 -17/0-28/0-27\0- 11 
1-10 |3 -31/0 -029)0 006/18 - 73/8 -09/0 -35/0 -35}0-058 






































One set of specimens was water-cooled, and another 
was furnace-cooled. Ali the water-quenched speci- 
mens were non-magnetic; those furnace-cooled 
were found to be magnetic. 

Specimens annealed and water-quenched from 
2100°F. (1150°C.) were aged for 4 hours at temper- 
atures in the range 1000°-1600°F. (540°-870°C.): 
all were non-magnetic. A second group of specimens, 
similarly annealed, was aged at 1200°F. (650°C.) 
for 1 to 24 hours: magnetism was detected in these 
specimens only when they had been aged for about 
8 hours, but they were quite strongly magnetic 
after ageing for 24 hours. X-ray-diffraction studies 
of several of the magnetic specimens revealed the 
austenite to have a lattice parameter of 3-58A 
and the carbide to be Cre3Cg. 

Two hypotheses are advanced in explanation of 
these data. The first is that, due to carbide precipita- 
tion, the region immediately around the carbide 
particle is impoverished of carbon and chromium 
and the proportion of nickel is increased. The 
Curie temperature of this region is consequently 
raised, and if the change in composition is sufficiently 
large, the Curie point will be above room temperature, 
and if the volume of the affected region is great 
enough, the magnetism will become detectable. 
The second hypothesis is that very small ferrite 
particles form in the impoverished region. Particles 
about 200A in diameter would give a smeared 
diffraction pattern that would escape detection against 
the background of the film even after long exposures. 
Such particles would show superparamagnetism 
rather than ferromagnetism. 

The occurrence of magnetism in stainless steels 
in the absence of martensite or ferrite seems to be 
confined to high-carbon high-silicon grades: similar 
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experiments on A.LS.I. Types 302, 304 and 304L 
resulted in no detectable magnetism. 


Comparative Stress-Corrosion Behaviour of Various 
Grades of Stainless Steel 


S. BERG and S. HENRIKSSON: ‘A Note on Comparative 
Stress-Corrosion Behaviour of Some High-Alloy 
Steels.’ 

Jnl. Iron and Steel Inst., 1961, vol. 199, Oct., p. 188. 


In illustration of the agreement which exists between 
the results of their own work on the susceptibility 
of different grades of stainless steel to stress corrosion, 
and that reported by P. P. SNOWDEN (ibid., 1961, 
vol. 197, Feb., pp. 136-41: abstract in Nickel Bulletin, 
1961, vol. 34, No. 3, p. 74), the authors of this ‘letter 
to the editor’ tabulate data on the stress-corrosion 
behaviour of the following types of chromium- 
nickel stainless steel immersed at various temp- 
eratures (both as uniaxially-loaded or U-bend 
specimens) in chloride solutions or (as U-bend 
specimens only) in sodium-hydroxide solutions: 
18-9-5, 17-5-10-1-5Mo, 17-5-11-2-7Mo, 17-5-11-5- 
2:7Mo, 17-5-12-5-2:7Mo-Ti, 17-5-14-2-7Mo, 17:5- 
14-5-4-5Mo, 20-24-3Mo-2Cu-Ti, 26-5-1-5Mo. All 
the steels contained 0:04 per cent. nitrogen. 

Micro-examination of specimens revealed the 
cracks occurring in the austenitic and ferritic/ 
austenitic steels in the presence of chlorides to be 
transcrystalline (in the latter type of steel the cracks 
ran through the ferrite as well as the austenite). The 
cracks which occurred in the specimens exposed 
to sodium-hydroxide solutions were substantially 
transcrystalline, but branches following the grain 
boundaries were also observed. 


Resistance of Stainless Steels to Nitrogen Tetroxide 


C. W. ALLEY, A. W. HAYFORD and H. F. SCOTT: ‘Effect 
of Nitrogen Tetroxide on Metals and Plastics.’ 
Corrosion, 1961, vol. 17, Oct., pp. 479t-84t; disc., 
p. 484t. 


Nitrogen tetroxide, which is available in commercial 
quantities in very pure form containing less than 
0-1 per cent. water, offers advantages as a liquid 
oxidizer for liquid-fuelled rockets. The test pro- 
gramme reported by the authors was carried out to 
determine the resistance, at 21°, 49°, 74° and —9°C., 
of the following structural materials to corrosion 
by liquid nitrogen tetroxide containing 0, 0-2, 0-4, 
0-8, 1:6 and 3-2 wt. per cent. of water: carbon 
steel (A-285 Grade C); Type 304L low-carbon 
19-11 chromium-nickel stainless steel; 5806 alum- 
inium alloy (welded and unwelded); titanium (grades 
75A and 6AI-4V); and ‘P.H. 15-7 Mo’ precipitation- 
hardenable stainless steel. 

The tests were continued for 3, 9 or 27 days. The 
durability of a number of elastomers was determined 
at 25°C., and corrosion data were also derived from 
dynamic tests in which commercial nitrogen tetroxide 
was pumped through a system containing carbon 
steel, Type 304L stainless steel, ‘P.H. 15-7 Mo’, 























aluminium, polytetrafluoroethylene, and polychloro- 
trifluoroethylene. Stress-corrosion tests were con- 
ducted on the carbon steel, aluminium, and ‘P.H. 
15-7 Mo’ (heat-treated to the RH950 condition) 
during exposure, at 49°C., to nitrogen tetroxide 
containing 0-1 and 1-6 per cent. water. 


The corrosion rate of the carbon steel and alum- 
inium in nitrogen tetroxide at 74°C. (water content, 
up to 0-2 wt. per cent.) was less than 0:5 mil/year, 
a value which increased to 50 mil/year at a water 
content of 3-2 wt. percent. Under severe conditions, 
corrosion of the Type 304L stainless steel and the 
titanium specimens was negligible, whereas ‘P.H. 15-7 
Mo’ exhibited corrosion rates of 0-5-1 mil/year. Type 
304L and carbon-steel specimens were corroded 
significantly in the presence of ‘Teflon’ specimens. 

No stress-corrosion cracking was observed in any 
of the materials tested. 

In the dynamic tests, which involved exposure to 
commercial nitrogen tetroxide flowing at a velocity 
of 10 ft./sec. at 30°C., and which were run for 205 
hours, corrosion of Type 304L and ‘P.H. 15-7 Mo’ 
stainless steels was insignificant, and aluminium 
and carbon steel exhibited average rates of 0:05 
and 0-33 mil/year, respectively. 

‘Teflon’ and ‘Kel-F’ were the most satisfactory of 
the non-metallic materials tested. Asbestos-type 
gaskets gave good service. 


Cavitation Erosion of Nickel-containing Materials 


J. Z. LICHTMAN, D. H. KALLAS, C. K. CHATTEN and 
E. P. COCHRAN: ‘Cavitation Erosion of Structural 
Materials and Coatings.’ 

Corrosion, 1961, vol. 17, Oct., pp. 497t-SOSt. 


Irrespective of whether the mode of attack is 
mechanical or chemical, cavitation damage to a 
component may be considerably reduced, or pre- 
vented, by application of an appropriate coating or 
use of a suitable high-strength material of con- 
struction. Anti-corrosive coatings have been success= 
fully used on struts, rudders, sonar domes, sea chests 
and other appendages of U.S. Navy ships with 
speeds in the region of 25 knots. The introduction 
of new ships with higher speeds has, however, 
emphasized the need for coatings or materials of 
construction with greater resistance to cavitation 
erosion, since it has been estimated that the rate 
of erosion damage increases as the sixth power of 
the velocity. In the light of this situation, the 
investigation described was undertaken to obtain 
information on: 

(a) the cavitation-erosion resistance of relevant 

structural materials and coatings; 

(b) the relationship between cavitation-erosion 

resistance and other properties; 

(c) cavitation-erosion phenomena as_ revealed 

by the rotating-disc cavitation apparatus 
employed in the study. 


The materials comprising the three classes (metallic, 
plastic and coatings) selected for testing are listed 
in the table on p. 310. The specimens were evaluated 


on a rotating-disc apparatus, consisting essentially 
of a test chamber in which a specimen disc 12 in. 
(30 cm.) in diameter and approximately }-in. (3-mm.) 
thick, and containing $-in. diameter holes which serve 
as a source of cavity formation in the fluid medium, is 
rotated in water under controlled conditions of fluid 
pressure and disc rotational speed. The disc is rotated 
in the water-filled chamber at 3200 r.p.m., to produce 
linear peripheral velocities of 80, 100, 125 and 150 f.p.s. 
at hole radial locations of 2-86, 3-57, 4:46 and 
5-36 in., respectively. The period of testing ranged 
from 6 minutes to 72 hours, depending on the 
erosion-resistance of the test material. The effects 
of fluid velocity and time of exposure were taken 
into account. 

Erosion rates and photographs of typical erosion 
damage are presented. A table classifying the mater- 
ials in order of their erosion-resistance at 150 f.p.s. 
is reproduced on p. 310. In general, resistance 
to cavitation erosion was highest in metallic materials 
of high hardness, in plastic materials of high ultimate 
elongation, in metallic coatings of high hardness, 
and in elastomeric coatings of high tensile strength. 

To clarify the mechanism of cavitation erosion of 
a guiding surface moving relative to a fluid, studies 
were made of a disc specimen rotating in a fluid 
medium, using high-speed cinematography. 


Corrosion Problems in a Nickel-Refinery 
Ammonia-Absorption System 


R. B. McINTOSH: ‘Corrosion Problems Encountered 
in a Nickel Refinery Ammonia-Absorption System.’ 


Corrosion, 1961, vol. 17, Oct., pp. 469t-74t. 


In this paper the author discusses the corrosion 
problems encountered in a relatively simple process 
for absorbing ammonia from exhaust gases in the 
nickel refinery operated by Sherritt Gordon Mines, 
Ltd. During the early years of operation, entrain- 
ment in the gas and cooling-water corrosion presented 
difficulties, and, later, carbon dioxide became a 
problem when the gas was used in the leach circuit. 

Techniques used to evaluate these problems are 
considered. It was found that slurry was picked 
up by the gas leaving the autoclave and was not 
completely removed by the cyclone. As the gas 
passed through the cooler, its temperature was 
lowered and some ammonia and water vapour were 
condensed, decreasing the gas velocity to the point 
where some solids were able to settle out near the 
cooler outlet and were caught on tube-wall imper- 
fections. Deposition of such solids created ideal 
conditions for corrosive attack. Corrosive cooling 
water was also an influential factor. 

In an effort to reduce gas-side corrosion, a demister 
was installed in the gas line between the cyclone and 
cooler. Greater efforts were made to remove 
scale, and inhibitors were added to the water in an 
attempt to build up a protective coating on the tubes. 

Corrosion problems specific to the scrubber, the 
absorption tower and the cyclone are discussed in 
detail. Protective coatings were found to decrease 
carbon-dioxide corrosion. 
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Classification of Materials by Cavitation-Erosion Resistance 
(See abstract on p. 309) 









































Average Material 
Rating Erosion 
Vol., “1/hr. 
Metallic Plastic Coatings 
1 0-0-2 ‘Stellite 6B’ Nylon (moulded) Dense borosilicate glass; boro- 
silicate glass; Ni-Cr alloy (flame- 
sprayed, fused); liquid neoprene; 
polyurethane (cast); neoprene (press- 
bonded). 
2 0-2-0°4 ‘Monel’ CRA; 
Mn-Ni_ bronze 
3 0:4-0°6 ‘Monel’ CRS; 
Type 304 stain- 
less steel; Ni-Al 
bronze 
4 0-6-0°8 S.A.E. 1016 steel; 
Mn bronze 
5 0-8-1-0 ‘Monel’ (Cast 
: Comm. 
brass 
6 Greater than S.A.E. 1030 PVC Al-titania flame-sprayed. 
1-0 Steel 
Aluminium Styrene- | Al-alumina flame-sprayed; bronze- 
1100-0 acrylonitrile Ni flame-sprayed; unfused poly- 
sulfide (caulking type); polysulfide 
(flame-sprayed); polysiloxane (room- 
temp. vulc.); epoxy enamel; epoxy 
(paste); ‘Teflon’ sheet; nylon (fluid- 
ized bed); silicate, zinc-rich. 











Premature Failure of Copper-Nickel Alloys in 
Sea Water 


H. E. STOVER: ‘Premature Failure of Copper-Nickel 
Alloys in Sea Water.’ 


Corrosion, 1961, vol. 17, Oct., pp. 461t-2t. 


In recent years the port of Los Angeles has attempted 
to extend the service life of creosoted wooden piles 
installed in sea water infested by marine borers by 
encapsulating the attacked section of the pile in 
situ, SO as to cut off the oxygen supply to the marine 
borers causing the damage. Commercially available 
plastic film was used for this purpose, in some cases 
tied to the pile by either ‘Monel’ or 90-10 copper- 
nickel bands. Extensive tests indicated that both 
these alloys were suitably corrosion-resistant and 
therefore should be capable of holding the wrapping 
in place. After only one year’s service, however, 
bands in both alloys were found to be severely 
corroded. 

Attack appeared to be most severe near the mud 
line. Examination of a black material present on 
the two alloys revealed it to be a mixture of sulphides 
and alloyed metal. Strips in both alloys were some- 
what magnetic. 

A full-scale laboratory investigation is now under- 
way to determine the cause of this type of corrosion, 
and to discover, in particular, how metallic sulphide 
can form on the surface of a metal in the presence 
of oxygen-bearing sea water; whether local action 
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between the metals and the hydrogen sulphide pro- 
duced by ocean-bottom bacteria is possible; whether 
the magnetic properties imparted during cold working 
rendered the bands susceptible to accelerated attack; 
whether the bands were over-stressed during fastening, 
and were therefore rendered susceptible to stress cor- 
rosion; and whether crevice corrosion was involved. 


Repair of Kraft Digesters by Weld Overlaying 


Ww. L. WILCOX and H. C. CAMPBELL: ‘Repair of Kraft 
Digesters by Welded Overlay.’ 


Welding Jnl., 1961, vol. 40, Aug., pp. 839-44. 


Early attempts to repair Kraft paper digesters 
by welding a stainless-steel sheet or strip lining over 
the damaged area by spot, plug or lap welds were 
unsuccessful, since the sheets, flexing with changes in 
operating temperature and pressure, eventually 
failed by fatigue near the welds. This experience 
pointed to the need for producing a serviceable 
repair by means of an integral lining of minimum 
thickness, such as a weld overlay. In the past 10 
years, many digesters have been repaired by weld 
overlaying, and the authors estimate that 40-50 
per cent. of these overlays have suffered corrosive 
attack. In this paper they therefore review the 
factors which contribute to such attack, and suggest 
approaches which might be expected to increase 
the corrosion-resistance and serviceability of the 




















stainless-steel welded overlay. Experience with 
A.L.S.I. Type 316 stainless steel should, it is felt, 
provide a useful basis for discussion of the problem, 
and discussion is also based on the premise that the most 
serviceable overlay will result from a deposit which, 
in addition to being ‘chemically right for corrosion- 
resistance’, is ‘chemically right for weld soundness’. 
To meet this latter requirement, the weld should 
contain a small amount (perhaps 4-10 per cent.) of 
delta ferrite, to guard against fissuring and cracking. 


The authors consider that most of the failures 
experienced so far with weld overlays in digesters 
can be attributed to poor weld-metal chemistry, and 
that the solution to the problem would seem to lie 
in the establishment of sound welding techniques 
and the use of more suitable welding materials. 
Firstly, deposition of the overlay should be controlled 
so as to obtain correct bead-overlap and sound 
welds of uniform thickness and chemistry; secondly, 
the dilution rate should be uniform, and at the 
lowest practicable level; thirdly, irrespective of the 
technique, the correct wire for gas-shielded arc 
welding, and the correct wire/flux combination for 
submerged-arc welding, must be used. The optimum 
wire or wire/flux composition will depend on the 
dilution rate finally encountered in the attempt 
economically to balance deposition rate and dilution. 
The authors discuss the feasibility of compensating 
for dilution by increasing the alloy content of the 
wire, and, in particular, they discuss one composition, 
selected on the basis of the Schaeffler diagram, and 
deposited to assess its suitability for the production 
of an undiluted submerged-arc weld. The wire 
was of A.I.S.I. Type 312* composition, and the weld 
was supplemented (vid the flux) with the alloying 
additions required to achieve an all-weld-metal 
composition including approximately 26 per cent. 
chromium, 16 per cent. nickel and 5 per cent. molyb- 
denum. The intention was not just to produce the 
resulting undiluted weld-metal composition, but 
to evolve a wire/flux combination which would, 
when diluted as it would be in a single-layer overlay 
on a carbon-steel digester wall, give the partially 
ferritic Type 316 stainless-steel deposit preferred 
for the overlay. The first layer (the most highly 
diluted) contained 15-17 per cent. ferrite in a matrix 
of austenite; the non-diluted top layers consisted 
almost entirely of sigma phase, indicating the im- 
probability of achieving wrought wire of the same 
composition. 


Spot Welding of Stainless Steels and 
Nickel-base Alloys 


R. J. CAMPBELL and D. R. MILLER: ‘Semi-automatic 


Gas Tungsten-Arc Spot Welding of Stainless Steels 
and High-Temperature Alloys.’ 


Welding Jnl., 1961, vol. 40, Aug., pp. 828-38. 


The welding study reported by the authors was 
conducted, by the Aircraft Nuclear Propulsion 





* Composition: carbon 0:25 max., chromium 27-31, nickel 
8-10, per cent. 


Department of General Electric Company, within 
the scope of a research and development programme 
connected with the production of a nuclear-power 
plant for aeronautical use. The development of 
this power plant involved the use of assemblies of 
high strength/weight ratio welded from sheet in 
such heat-resisting materials as ‘19-9DL’ and 
A.LS.I. Type 316 (17-12-2-5Mo) chromium-nickel 
stainless steels, and the alloys ‘Inconel’, ‘Inconel X’, 
‘Hastelloy X’ and ‘René 41’. Some of these assem- 
blies were designed to incorporate lap weld joints, 
and, since use of resistance spot welding was ruled 
out for this purpose by the lack of suitable access 
for the electrodes and by other factors, recourse was 
had to the tungsten-arc spot-welding process (selected 
as the most economical and practicable welding pro- 
cess available for welding from one side only). 
Early attempts to apply this process to the joining 
of high-temperature alloys, using commercially 
available welding equipment, without filler-wire 
addition to the weld puddle, met with little success. 
Apart from general inconsistencies in appearance 
and strength, the arc spot welds produced exhibited a 
marked tendency to crater cracking, attributed to 
the hot-cracking phenomena associated with high- 
temperature alloys. On the assumption that the hot- 
cracking problem could be solved by use of a welding 
machine designed to permit precise control of welding 
time, weld-current slope (up and down), and the 
addition of cold filler wire into the weld puddle, 
equipment satisfying these requirements was obtained. 
To determine the capabilities and versatility of this 
machine, a welding development programme was 
initiated to establish suitable welding procedures. 
Several high-temperature alloys, in various thick- 
nesses, were selected for study, and in this paper 
the authors report the data obtained for ‘19-9DL’, 
Type 316 stainless steel, ‘Inconel X’, ‘Hastelloy 
X’ and ‘René 41’. The process and its advantages 
are discussed, and details are given of the welding 
equipment employed. 

Welding-schedule variables, such as electrode size, 
type of shielding atmosphere, preparation of weld 
interface surfaces, weld-current control and the 
amount of filler wire added to the weld puddle, 
were found to exert a profound influence on weld 
performance, and their effects are therefore discussed. 
The procedures employed in the production of arc spot 
welds in multiple-ply thicknesses are defined, and 
a method of measuring air-gap clearances for fit-up 
between two lapped sheets is then described. Since 
the face side of a weld deposit made by the process 
is slightly convex, and therefore affects air flow, 
a method of removing excess material is also outlined. 
The practical potentialities of the technique are 
discussed. 

The investigations demonstrate that gas tungsten-arc 
spot welding can be used to produce welds in high- 
temperature alloys which are of consistent strength, 
size and quality, and that it is feasible to make welds 
between sheets having fit-up gaps exceeding 0-005 in. 
(0-125 mm.). The process can also be used for 
deep-hole welding operations and the repairing of 
cracked resistance welds. 
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The types of shielding atmosphere required depend 
on the weld-joint thickness and type of material, 
and sequence timing of adding the filler wire into 
the weld puddle is a function of the type of material 
and the total thickness of the weld joint. In tungsten- 
arc spot welding the materials described, electrode 
erosion was minimized when the 0-125-in.-diameter 
(3-125-mm.-diameter) tungsten electrode was tapered 
to a point over a length equal to two diameters. 


Ultrasonic Welding of Nickel-containing 
Materials to Refractory Metals 


N. E. WEARE and R. E. MONROE: ‘Ultrasonic Welding 
of Heat-Resisting Metals.’ 


Welding Jnl., 1961, vol. 40, Aug., pp. 351s-8s. 


Although many of the problems involved in working 
with materials such as molybdenum and niobium 
have been solved, their joining to dissimilar metals 
still entails many difficulties. Since the development 
of methods capable of producing satisfactory dis- 
similar-metal joints would alleviate many technical 
problems, and make it possible to utilize refractory 
metals only where their unique properties are specific- 
ally required, a research programme was initiated 
to examine the feasibility of joining the following 





materials by ultrasonic welding: (1) titanium to 
A.LS.I. Type 316 17-12-2:5Mo stainless steel, 
(2) titanium to titanium, (3) molybdenum to molyb- 
denum, (4) molybdenum to Type 316 stainless steel, 
(5) niobium to Type 316 stainless steel, (6) niobium 
to iron to Type 316 stainless steel, (7) niobium 
to ‘Inconel’. Ultrasonic welding was selected for 
study since it obviated the risk of intermetallic- 
compound formation and contamination associated 
with conventional fusion-welding techniques. Room- 
temperature tension-shear and cross-tension strengths 
were determined for each combination of metals. 

In general, room-temperature strengths (especially 
cross-tension strengths) were found to be low, and 
only the welds in titanium, and between the stainless 
steel, iron and niobium, appeared to exhibit accept- 
able cross-tension strengths. Metallographic exam- 
ination indicated that cracking had occurred at the 
edge of the weld area, caused, it is believed, by 
concentrated cyclic stresses at the edge of the weld, 
producing fatigue failures. In many instances the 
cracking was extremely serious and contributed 
to the low strength of the joint. Methods of elimin- 
ating cracking are proposed. 

Examination of specimens revealed no evidence 
of melting, diffusion across the interface, or formation 
of intermetallic compounds. 


Attention is drawn to the fact that many of the names of materials mentioned in The Nickel Bulletin are Trade Marks. 
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: ‘Nimonic 80A’ 200 
Magnetic Properties of Austenitic S.G. Iron 251 


Magnetism in Hot-Rolled Austenitic Stainless Steel 308 
Mar-Ageing 18 per cent. Nickel-Cobalt- 
Molybdenum Steel: Properties 115-116 
‘Monel’: Low-Temperature Properties 47 
*N-155’: Short-Time Elevated-Temperature 
Stress/Strain Behaviour 40 
Nickel/Aluminium-Oxide and Nickel-Aluminide/ 
Aluminium-Oxide Sintered Materials:Properties 191 


Nickel-base Alloys: Reviews 96, 225, 297 

Nickel-Chromium-Aluminium Alloys: Elevated- 
Temperature Properties 

Nickel-Molybdenum-Iron Alloys, Cast: Influence 
of Heat-Treatment on Hardness 76 


157 


Nickel Silver: Creep and Rupture Properties 220 
Nickel-Tin Stable and Unstable Solid-Solution 
Alloys: Creep and Fracture 294 
‘Nimocast 90’: Tensile Ductility and Stress-Rupture 
Properties 226 
‘Nimonic’ Alloys 
: Evolution of Nickel-base Precipitation- 
Hardening Alloys 297 
: Properties of Flash-Butt Welds 200 
: Thermal and Electrical Conductivity 39 
: ‘Nimonic 80A’: Machinability with Carbide 
Tools 
: Temperature Coefficient of 
Resistance 229 
: ‘Nimonic 90’ : Thermal-Fatigue Resistance 126 
: ‘Nimonic 100’ : x a 126 
Niobium: Diffusion with Stainless Stee 195 


Niobium-containing Stainless-Steel Weldments: 
Heat-A ffected-Zone Cracking 42 
Niobium-Vanadium-Boron-containing Cast Heat- 
Resisting Steels: High-Temperature Properties; 


Influence of Vacuum-Melting 162 
‘Ni-Resist’: Fluidity and Casting Quality 193 
Nitriding Steel (Nickel-Aluminium Age-Hardening): 

Mechanical Properties 122 
Nitrogen Environments (High-Temperature): 

Mechanical Properties of Nickel-base Alloys 

Exposed to 196 
Non-Magnetic Steels: Mechanical Properties 152 
*P.H. 15-7 Mo’ 

: Effect of Annealing in Hydrogen 40 
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Page 
‘P.H. 15-7 Mo‘—contd. 
: High-Temperature Properties of Plate and 

Bar 99 


: Properties of Welded Sheet 267 
Physical Properties of Nickel-base Alloys 154 
Power-Plant Piping: Influence of Long-Time 

Exposure at 1450°F. on Impact-Resistance of 
Austenitic Steels 302 
Precipitation-Hardening Stainless Steels 70, 98, 99, 


100, 128, 155, 156, 188, 227, 
257, 265, 267, 297, 299, 301, 303, 305 
*RA-333’: Suitability for Critical Parts in Heat- 


Treating Furnaces 128 
Rapid Heating and Rapid Loading at High 
Temperatures: Effect on Mechanical 
Properties 40, 156 
Sandwich Structures in Precipitation-Hardenable 
Stainless Steels 128 
Scoring Characteristics of Stainless Steel 70 
Section Size 
: Influence on Creep-Rupture Behaviour of 
Nickel Specimens 159 
: Influence on High-Temperature Tensile 
Properties of Stainless Steels 163 
*S.G. Ni-Resist’: Properties and Applications 63 
Spot-Welded Stainless Steels and Nickel-base 
Alloys: Properties 311 
Spring Alloys (Nickel-containing for Special 
Applications): Properties 128 


Stainless Steel: Literature Review 97 

*Stellite X-40’: Thermal-Fatigue Resistance 

Stress Concentration: Influence on Tensile Strength 
of Steel Sheet at Various Temperatures 

Stress-Relief Temperatures: Determination for 
Heat-Resisting Alloys 43 

Stress-Rupture Properties: See ‘Creep and Creep- 
Rupture Properties’ 

Stress-Rupture Testing: Suitability of 18-8 Steel for 


Calibration Specimens 193 
Temperature: Influence on Tensile Properties of 
Stainless Steel 163 


Temperature Coefficient of Resistance of 
‘Nimonic 80A’ 229 
Thermal-Fatigue Characteristics 126, 190, 225, 227 
Thermocouple Materials: Influence of Pressure on 
e.m.f. 
‘ThermoSpray Powders’: Metallizing of Machinery 


192 


and Moulds Used in the Glass Industry 259 
Tubular-Bladed Nickel-Alloy Welded Turbine 
Wheel: Properties 267 


*‘Udimet 500°: High-Temperature Properties of 

Plate and Bar 99 
Ultrasonic Welding of Nickel-containing Materials 

to Refractory Metals: Properties of Weldments 312 
Vacuum-Melted and -Cast Materials 44, 97, 106, 155, 

158, 162, 190, 201, 225, 299 

Vanadium-Boron-Tungsten-containing Heat- 

Resisting Steels: High-Temperature Properties; 


Influence of Vacuum Melting 162 
Vanadium-containing Nickel-base Alloys: 
High-Temperature Properties 70 


Wide-Gap Brazing of Components for High- 
Temperature Service: Mechanical Properties of 
Joints 

Wire for Special Applications: Properties 19 


‘Zerolled’ Stainless Steel: Properties 304 
Specifications 
Austenitic $.G. Iron Castings: A.S.T.M. A439-60T 150 
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Page 
Copper and Copper-Alloy Integral-Finned Seamless 
Condenser and Heat-Exchanger Tubes: 
A.S.T.M. B359-60 148 
Copper-Alloy Ingots and Copper and Copper-Alloy 
Castings: B.S.1400:1961 
Copper-Nickel-Alloy Castings: A.S.T.M. 


Specification 220 
Design Data on Nickel-base Alloys for Aircraft 
and Missiles 155 


Determination of Proof Stress, Rupture Strength and 
Creep Strength of Steel at Elevated Temperatures: 
B.S. 3228: 1960 69 

Investment Castings in High-Alloy Steels and Nickel- 
and Cobalt-base Alloys: B.S. 3146: Part 2: 1961 


124 
Nickel-Chromium-Cobalt Wrought Turbine-blading 


Alloy: D.T.D. 747A 225 
Nickel-Chromium Heat-Resisting Alloy Sheet and 
Strip: D.T.D. 703B 224 


Testing 


Acceleration of Corrosion Tests on the Basis of 
Kinetic Studies of the Rate-Controlling 
Combination of Factors 135 
*‘AM-355”: Microetch Test for Control of 
Homogeneity 190 
Atmospheric Corrosion: Electrochemical Techniques 135 
‘Belt’? Super-Pressure Apparatus for Determining 
Influence of Pressure on e.m.f. of Thermocouple 
Materials 192 
Boiler-Sludge in Nuclear-Power Plant: Heat- 
Exchanger Tests 17 


Cavitation Erosion: Test Apparatus 309 
Coal-Fired Boilers: Service and Laboratory 
Corrosion Tests 16, 17, 167 
Drude-Tronstad Polarimeter: Use in Corrosion 
Studies 135 
Dynamic Moduli of Elasticity: Determination at 
Elevated Temperatures 227 
Ferrite Content: Determination in Austenitic 
Steels 265, 266 


Fluidity and Casting Quality of Stainless Steels and 
‘Ni-Resist’: Spiral Test for Evaluation of 193 
Forging Tests: Development of Hot-Die Materials 102 
Fracture Surfaces: Examination by Two-Stage 
Replica Technique 49 
Heat-Transfer Conditions 
: Laboratory Corrosion Tests Simulating 
Service Conditions 
: Test Apparatus for Study of Corrosion by 
Acids 165 
Hot-Spot-Corrosion Tests on Condenser-Tube 


198 


Alloys 132 
Hot-Working Temperatures: Tensile/Impact Test for 
Determination of 43 
Intergranular Corrosion: Equation for Evaluation of 
Susceptibility of Stainless Steels to 231 
Laboratory Corrosion Testing in Germany 135 
Oil-Ash Corrosion: Laboratory and Service 
Tests 14, 15, 166, 260 
Pitting Corrosion 
: Magnetic Method of Determining Corrosion 
Currents 91 
: Study by Means of Turnbull’s Colour 
Reaction 262 
Scoring Characteristics: Apparatus for Study of 70 
Stress-Corrosion-Cracking Test for Copper-base 
Alloys 199 
Stress-Relief Temperatures: Determination by the 
Hindered-Thermal-Contraction Technique 43 





Page 
Stress-Rupture Testing: Suitability of 18-8 Steel for 
Calibration Specimens 193 
Sulphate/Chloride Mixtures: Tests Simulating 
Sulphur Attack in an Oxidizing Atmosphere 136 
Sulphur-containing Atmospheres at High Temperatures: 
Apparatus for Study of Corrosion 136 


Thermal-Fatigue Tests 126, 227 


Uses 


Uses grouped in this sub-section are individually 
referred to in the Properties and Specifications sub- 
sections, in relation to the properties which render 
the materials suitable for the respective applications. 


Aircraft (including Structural Uses, also Rockets 
and Missiles) 37, 40, 48, 50, 51, 70, 79, 98, 
99, 128, 155, 156, 157, 227, 228, 
230, 233, 257, 258, 267, 
303-307, 308, 311 


Architecture 135, 232, 233 


Bearing Materials 70 
Brazing Alloys 104, 125, 201, 268, 269 
Chemical, Petrochemical and Petroleum 


Industries 18, 42, 47, 71, 76, 77, 78, 96, 
97, 121, 131, 132, 144, 164, 165, 

169, 188, 193, 197, 230, 231, 263-5, 309 

Die Materials 102 
Exhaust Valves 138 
Fasteners 19 
Furnace Materials 14, 15, 16, 17, 71, 128, 136, 166, 
188, 260 


Gas Turbines 13, 31, 38, 39, 44, 45, 70, 97, 99, 101, 102, 

124, 125, 126, 129, 136, 154, 155, 157, 158, 

189, 190, 224, 225, 226, 227, 256, 257, 258, 

260, 263, 266, 267, 297 

259 

47, 48, 54, 79, 139, 188, 199, 

234, 303-307 

Marine Applications 51, 108, 170, 171, 309, 310 

‘Nimonic’ Alloys: Applications other than 

Aeronautical 
Nitriding Steels 

Nuclear-Power Plant 


Glass Industry 
Low-Temperature Service 


39, 229 

122, 295 

17, 18, 40, 45, 78, 103, 107, 133, 
137, 139, 159, 160, 188, 195, 
196, 200, 234, 260, 262, 266, 


267, 268, 299, 311 
Pulp Plant 50, 197, 198, 264, 310 
Springs 128 


Steam Plant 14, 15, 16, 17, 42, 76, 132, 167, 168, 188, 
193, 256, 260, 268, 301, 302 
Thermocouples 103, 192 


Wire 19 


Welding, Brazing and Soldering 


‘A-286’: Influence of Boron Content on Weldability 157 
Boron-containing Chromium-Nickel Stainless Steels: 


Weldability 196 
Brazing and High-Temperature Brazing Alloys 
: Brazing Alloys for ‘René 41’ 45 
: Brazing of High-Temperature Materials: 
Survey 104 
: Brazing Sandwich Structures in Stainless 
Steel 128 
: Development of Ductile Nickel-base 
Brazing Alloys 268 
: Diffusion of Brazing-Alloy Constituents into 
Heat-Resisting Materials ° 125 
: Vacuum Melting in Production of High- 
Temperature Brazing Alloys 201 


Page 
Brazing and High-Temperature Brazing 
Alloys—contd. 
: Wetting Tests on ‘Inconel’ and ‘Inconel X 
with Silver Brazing Alloys Containing 


Platinum Metals 270 
: Wide-Gap Brazing Alloys for High- 
Temperature Service 269 


Cast Austenitic Stainless Steels and Alloys: Influence 
of Grain-Boundary Phases on Weldability 105 
Cold-Worked Stainless Steel 
: Influence of Welding on Elevated-Temperature 
Short-Time Tensile Properties 228 
: Weldability 233 
Copper-containing Stainless Steels: Weldability 197 
Copper-Nickel-Iron Alloy for Feedwater-Heater 
Tubing: Weldability 193 
Corrosion-Resistance of Welded Materials 
: Corrosion-Resistance of Cupro-Nickel 
Welded Fin Drums for Drying Calcium- 


Carbonate Paste 121 
: ‘Inconel’ for Nuclear-Reactor Service 45, 139, 
200, 234, 266 


: Inhibition of Corrosion of Welded Specimens 
by Fuming Nitric Acid 
: Intergranular Corrosion of Stabilized 


Stainless-Steel Welds 79 
: Knifeline Attack on Stabilized Stainless- 
Steel Welds 79 


: Kraft Digesters: Weld Overlaying with Nickel- 
containing Materials 197, 198, 310 
: Welded Stainless Steels for Service with 
Hot Hydrogen Sulphide 197 


Ferrite in Stainless-Steel Welds: Estimation of 266 
Flash Welding of Nickel-base High-Temperature 
Alloys 266 


Heat-Affected-Zone Cracking in 18-12-Nb Weldments 42 
‘Inconel’ 
: Fabrication and Properties of Welded Pipe 
: ‘Inconel’ BP-85 Welding Electrode: See 
‘Inconel’ Welding Electrode 182, below 
: ‘Inconel’ BP-87 Filler Wire: See ‘Inconel’ 
Filler Metal 82, below 
: ‘Inconel’ Filler Metal 82 45 
: ‘inconel’ Welding Electrode 182 45, 200, 234 
: Ultrasonic Welding to Refractory Metals 312 
: Welding for Nuclear-Reactor 
Service 45, 139, 200, 234, 266 
: Wetting Tests 270 
‘Inconel X’ 


267 


: Wetting Tests 270 

: Welding in the Fabrication of Pressure 
Vessels 47 

‘K Monel’: Fabrication of Arresting Hooks for 
Carrier-based Aircraft 51 


Low-Temperature Service 
: Influence of Welding on Low-Temperature 


Properties 54, 79 
: Steel Sheet for Use in Welded Plant 95 
: Welding a 60-ton Stainless-Steel Cryogenic 

Vessel 139 


Mar-Ageing 18 per cent. Nickel-Cobalt-Molybdenum 
Steel: Weldability 115 
Nickel-base Alloys: Literature Review 96 

‘Nimonic’ Alloys 
: Structure and Properties of Flash-Butt Welds 200 


: Welding Metallurgy 200 
‘P.H. 15-7 Mo’: Welding Procedures for Sheet 267 
‘René 41’: Brazing and Welding 44, 45 


Spot Welding of Stainless Steels and Nickel-base 
Alloys by the Semi-Automatic Gas Tungsten-Arc 
Process 311 


333 








Page 
Stainless Steel: Welding to Chromium-Molybdenum 
Steel for High-Temperature Service 268 
Stainless Steels: Literature Review 97 
Tubular-Bladed Turbine Wheel: Fabrication by 
Welding 
Ultrasonic Welding of Nickel-containing Materials 
to Refractory Metals 312 
Welding of Materials for High-Temperature Service 104 
Weld Overlaying with Nickel-containing 
Materials 45, 51, 197, 198, 310 


267 


PATENTS 
20-24, 109-112, 202-209, 271-279 


CORRIGENDA TO ITEMS IN VOLUME 34 


Issue No. 3, p. 54. 


Low-Temperature Mechanical Properties of Structural 
Materials: Compilation of Published Data, line 1. 

For H. P. GIBSON, 

Read i. P. GIBBONS. 


Issue No. 5. 


Atmospheric Corrosion of Steels as Influenced by Changes 
in Chemical Composition, p. 135, line 23. 

For Nickel: residual; 0-1, 

Read Nickel: residual; 1-0. 


Electrodeposition of Nickel-Copper Alloys from the 
Pyrophosphate Solution, p. 118, line 3 of footnote. 

For Nos. 2 and 3, 

Read Nos. 2 and 4. 


Page 
Corrosion of Nickel-Chromium Alloys in Sulphur- 
containing Atmospheres at High Temperatures, p. 136, 
line 7. 
For  18-20-type alloy, 
Read 80-20-type alloy. 


Issue No. 6. 


Ferritic S.G. Iron Castings for Valves, Flanges, etc., 
p. 149, line 4. 

For A.S.T.M. Designation: A455-60T, 

Read A.S.T.M. Designation: A445-60T. 


Selection of Materials for Marine Applications: Economic 
Considerations, p. 170, right-hand column, paragraph (5). 


For 70-30 Cu-Ni-Fe ... 1865 (24 per cent. retubed 
(Commercial) in 15 years), 

Read 70-30 Cu-Ni-Fe . . . 18:5 (24 per cent. retubed 
(Commercial) in 15 years). 
Aluminium-containing Free-Machining Stainless Steel, 
p. 172, first column of table. 

For Nitrogen, 


Read Nickel. 


Issue No. 7-8, p. 179. 


Brightening and Levelling Characteristics of Organic 
Addition Agents and their Effects on Stress in Nickel 
Deposits, right-hand column, lines 9 and 10 of last 
paragraph. 

For concentrations of 0-2-5 g./L., respectively, 
Read concentrations of 0-2 and 5 g./L., respectively. 


Issue No. 9, pp. 222-3. 


Spheroidal-Graphite Iron Castings: 
p. 223, line 1 of last paragraph. 
For Grade SNG 27/2, 

Read Grade SNG 27/12. 


British Standard, 


Issue No. 12, p. 291. 


Advances in Nickel/Chromium Plating, line 4. 
For aluminium-plating solutions, 
Read chromium-plating solutions. 
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TRADE-NAMES, MATERIALS AND PROCESSES 
‘Referred to in Nickel Bulletin, Volume 34, 1961 


16-25-6 
See Timken 
17-4 P.H. 
See Armco 
17-7 P.H. 
See Armco 


imken 
19-9 DL, 34, 256, 311. 
155 Alloy, 160. 
157 Alloy, 160, 195. 
300M, 35, 36, 39. 54, 
156, 254, 304. 


A-255, 159. 
A-286, 54, 100, 156, 157, 
172, 227, 257,’ 258, 


300, 5 
A-300, 159. 
Acicular Cast Iron, 63. 
Aereal 1, 159. 
AF-183, 54. 
Air Steel (X200), 156. 
Alcomax Alloys 
Alcomax II, 221. 
Alcomax il, 221. 
Alcomax IV, 221. 
Alnico Alloys 
Alnico, 185, 221. 
Alnico V, 185. 
Alumel, 192. 


AM-350, 54, 70, 157, 
227, 363, 303, 304, 

AM-355, 70, 100, 156, 
190, 303. 


A Nickel 
See Nickel 

A.R.D.E. Smoothing 
Process, 69. 

Armco 17-4 P.H., 54, 
303 


Armco 17-7 P.H., 40, 
50, 54, 70, 98, 128, 
227, 257, 303, 


Armco P.H. 15-7 Mo, 
40, 100, 128, 227, 258, 
267, 303, 305, 308. 

Astroloy, 44, 129, 258 


B. = a Thickness Tester, 
Bx Oxalate Coating, 


C-242, 156. 
Carballoy, 62. 
Carpenter 7Mo, 76. 
aE 20, 77, 


20Cb, 


Carpenter V-57, 43. 
CD-4MCu, 51. 
Chromel, 192. 
Chro-Mow, 157. 
Columax, 221. 
Constantan, 192. 
Corrodkote Accelerated- 
Corrosion Test, 9, 29, 
118, 135, 214, 244) 
286, 287, 288, 289. 
Cor-Ten 
See U.S.S. 
Croloy 16-1, 18. 
Crucible 56, 156. 
Cunife, 94. 


134, 


1 
Carpenter 165, 
264 


D6A, 39. 

D-979, 54, 154, 258. 
DCM, 154, 190, 225. 
Dermitron, 288. 


DeWeKa-Doniplat 
Plating Solution, 146. 
DeWeKa-Superglanz 
Plating Solution, 146. 
Discaloy, 228, 300. 
Duranickel, 169. 
Durimet 20, 132, 256. 
Dynaflex, 156. 


Efco-Udylite No. 31 
Plating Solution, 31. 
EPE 1 


See Nimocast PE10 
EPK 24, 225 

(See also IN 100) 
Esshete 1250, 301. 
Everdur, 50. 


FN220, 225. 


F.V. 520B, 54. 
G-34, 156. 


GMR- ie: 155, 156. 
GMR-235D, 156. 
Guy Alloy, 156. 


Hastelloy Alloys 
Hastelloy, 132. 
Hastelloy A, 54. 
Hastelloy B, 54, 77, 

131, 154, 155, 165, 
pt 221. 260, 265, 


Hastelloy C, 50, 54, 


62, 77, 131, 138, 
154, 155, 197, 198, 
256, 265, 303. 


Hastelloy D, 154, 303. 
Hastelloy F, 131, 134, 
154, 198, 231, 303. 
Hastelloy N, 154, 196, 

231, 299 


Hastelloy R-235, 154, 
hcg 156, 196, 208, 


258. 
Hasteiloy W, 45, 155, 
15 


Hastelloy X, 
154, 155, 196, 88 
259, 304, 311 
Haynes Stellite Alloys 
(See also Hastelloy) 
Stellite 1, 303. 
Stellite 3, 303. 
Stellite 6, 303. 
Stellite 6B, 310. 
Stellite 19, 303. 
Stellite 21, 303. 
Stellite 25, 54, 157, 
oy 230, 258, 259, 


Stellite 31, 156. 
Stellite 151, 156. 
Stellite 152. 297. 
Stellite X40, 127. 

HE-1049, 156. 

H Monel 
See Monel 

HY = 154, 205, 295, 


HY-TUF, 54, 156. 


Ilium Alloys 
Illium 98, 231. 
Illium G, i 
Iilium R, 15 
IN-100, 190. 395, 297. 


Inco 700 
See Inconel 700 
Inco 702 
See Inconel 702 
Inco 901 
See Inconel 901 
Incoloy Alloys 
Incoloy, 15, 16, 138. 
Incoloy 804, 16, 188. 
Incoloy 901, 125. 
Incoloy DS, 136. 
Inconel Alloys 
Inconel, 18, 19, 21, 23, 


270, 311, 312. 
Inconel 700, 19, 
136, 154, 155, 
208, 227, 258. 
Inconel 702, 19, 4 
155, 196, 208, 230, 
304 


Inconel 713C, 102, 154, 
155, 227, 399. 

Inconel T17C, 225. 

Inconel 718, 19. 

Inconel 901, 154, 155, 
258 


Inconel BP-85 


Electrode 
See Inconel Welding 
Electrode 182 
Inconel BP-87 Filler 
Wire 
See Inconel Filler 
Metal 82 


Inconel Filler Metal 82, 


46. 

Inconel W, 155, 227. 

Inconel Welding 
Electrode 182, 46, 
200, 235. 

Inconel X, 19, 47, 98, 
100, 136, 154, 155, 
157, 196, 208, 227, 

230, 260, 263, 270, 


303, 304, 2 
INOR-8, 196, 231, 299. 
See also Hastelloy N 
Invar, 33, 227. 

Tonol, 177. 


38100, 45, 269, 270. 
270. 


J8591, 270. 
38600, 45. 


Kel-F, 309. 
K Monel 

See Monel 
Kovar, 221. 
KPNi-1, 177. 
Kunifer 5, 47. 
Kunifer 20, 47. 


LA-4, 103. 
LaBelle HT, 227. 
LM-S5, 103, 104. 


M-252, 154, 155, 156 
227, 258. 


M-308, 125, 258. 


M-647, 125. 
Magnegage Thickness 


Tester, 9 


Magnetoflex 20, 94. 
Manganin, 229. 
Mayari-R, 253. 
Monel Alloys 
Monel, 18, 19, 21, 23, 
47, 48, 50, 54, 73, 
77, 82, 90, 108, 133, 
134, 154, 165, 169, 
170, 193, 197, 230, 
231, 232, 265, 310. 
H Monel, 54, 310. 
K Monel, 51, 54, 154, 
169, 258. 
S Monel, 54. 
Multimet, 198. 
Multimet N-155, 304. 


N-80, 18. 
N-155, 40, 54, 156, 157. 
NA-22-H, 154. 
N.C.C. Pie, 282. 
N.H. Ingot, 282. 
Nichrome, 256. 
Nichrome V, 103. 
Nickel 
220 Nickel, 84. 
A Nickel, 77, 100, 133. 
F Nickel, 282. 
Nicrosilal, 63. 
Nicrotung, 154, 225. 
Ni red Plating Solution, 


NiF 1 Plating Solution, 
Ni-Hard, 12, 34, 63, 122, 
282, 294. 


Nilo-K, 184. 

Nimocast Alloys 
Nimocast 90, 226. 
= 258, 136, 


Nimocast 713V, 225. 
Nimocast PE10, 225. 
Nimonic Alloys 
Nimonic, is 102, 189, 
200, 297 , 300. 
Nimonic 75, 136, 154, 
297. 


200, 

Nimonic 80, 154, 189, 
208, 297. 

Nimonic 80A, 136, 
i 200, 208, 229, 


Nimonic 90, 127, 136, 
154, 157, 200, 208, 
227, 297. 

Nimonic 95, 154, 208, 


Nimonic 100, 127, 136, 
154, 156, 184, 297. 
Nimonic 105, 136, 225, 


Nimonic 115, 225. 
Ni-O-Nel, 19, 50, 77, 
134, 138, 231, 264. 

Ni-Resist Cast Irons 
= 12, 77, 193, 


NicResist I, 194. 
Ni-Resist II, 194, 265. 
S.G. Ni-Resist, 63, 64. 
Nitec, 120. 
Nitralloy, 156. 
Nitralloy N, 295. 
NSB, 270. 


Peerless 56, 157, 227. 
a Plating Solution, 


Perglow Plating Solu- 
tion, 146. 
Permalloy, 111, 184, 185. 
Perminvar, 111. 
P.H. 15-7 Mo 
See Armco 


Plasmarc. 103. 
Potomac A, 156. 


RA-333, 

René 41, rr 45, 124, 125, 
154, 1 5, 27, 230. 
258, 259, 311. 


S-590, 124, 125. 
= 54, 124, 125, 227, 


Santoflex, 177. 
S.G. Ni-Resist, 63, 64. 
Silal, 63. 
S Monel 
See Monel 
Soco, 222 
Sonotone, 144. 
Stainless W 
See U.S.S. 
Stellite Alloys 
See Haynes Stellite 
Super-Gleamax Plating 
Solution, 31. 
Superston 40, 47. 


T-1 

See U.S.S. 
Teflon, 48, 309, 310. 
Thermo-Kanthal, 103. 
Thermold J, 68, 157. 
ThermoS pray, 259. 
Ticonal y" = oa 
Timken A 
Taken 16-225, oT, 260. 
Timken 17-22-AV, 100. 
Tinidur, 300. 
Tricent 


See U.S.S. 
TRW 1800, 225. 


U-500, - 
U-700, 258 
Udimet 500, 
455, 157, 
Udimet 700, 
225, 237. 
UHS 260, 156. 
Uniloy 30MA, 172, 209. 
Unimach IT, 156. 
Unitemp 212, 300. 
Unitemp 1753, 154. 
UOP 88, 177. 
U. a “y 12MoV, 134, 


U. S S. Cor-Ten, 15, 135, 
157, 188. 


U.S.S. Stainless W, 188. 
U.S.S. T-1, 39, 54, 188, 


296. 
U.S.S. Tri-Ten, 188. 


154, 
155, 


100, 
27. 
154, 


58. 
Vascojet 1000, 356, 227. 
304. 
VMS 201, 138. 
W-545, 156. 
Waspaloy, 125, 154, 155, 


156, 157, 193, 227, 
258, 260, 304. 


X8001, 159 
X-200, 39 


Yorcoron, 132. 


Zircaloy 2, 139. 


335 








Ahearn, p. z . 64, 
Albertin, L. 259. 

Alco Products Inc. 268. 
Alers, G. A. 82. 
Alexander A. L. 232, 
233. 


- 187. 
American Electroplaters’ 
ws 181, 214, 285, 


American Society for 
Testing Materials, 72, 
144, 145, 147, 148, 


149, 150, 216, 220, 
285, 
Anaconda American 


Anderson, D. B. 171 


Azada, K. 179. 


Babbitt, R. W. 
Bach, B. 
Bache, H 
Bacquias, G. 89 

Baerlecken, E. 75. 


38, 70, 104, 


258, 297, 303. 
Bayonne Research Labor- 


N ; 
Beaton, J. L. 39. 
H 


Bechtold, J. A. 243. 
Bechtoldt, C. J. 
Beck, F. H. 194. 
Beck, W. 68, 71. 
Bell Laboratories, 84. 
Bellobono, I. R. 289. 
Belton, J. H. 303. 
Bem, R. S. 132. 
Bendel, S. H. 14. 


Benson, C. R. 201 
Berg, S. 308. 
Bergdorf, W. H. 50. 
Berge, P. 49. 
Bergman, D. J. 169. 


336 


Bergman, P. A. 190. 
Bernett *! E. C. 40. 
Berry, W. E. 139. 
Bertorelle, E. 289. 
Bieber, C. G. 190, 239. 
Bienstock, D. 231. 


G. M. 186. 
Blanchard, R. 49. 
Bland, J. 139. 

Blank, J. M. 185. 

Blasberg, Friedrich, 243. 

Blickwede, D. J. 43. 

Bloom, F. K. 73. 

Bloomfield, B. S. 126. 

Blum, W. 313. 

Boeing Company, 258. 

Bokros, J. C. 299. 

Bonis, L. J. 13. 

Boucher, M. 177. 

Bouckley, D. 9, 179. 

Boulger, F. W. 258. 

Bourgault, P. L. 28. 

Boutet, J. 289. 

Bowen, R. K. 100. 

Boyd, J. 60. 

Brasher, D. M. 130. 

Brauns, E. 164, 262. 

Breckon, C. 132. 

British Non-Ferrous 
Metals Research 
Association, 8, 216, 
247, 284. 

British Standards Insti- 
tution, 69, 70, 85, 124, 
217, 222. 

Brook, P. A. 30, 58. 

Brooks, W. W. 73. 

Brown, H. 157. 

Brown, K. P. 19. 

Brown, N. 5. 

Bru, A. 178. 

Brugger, R. 243. 

Brunhouse, J. S. 196. 

Bruns, F. J. 197. 

Bubba, L. F. 295. 

Bundy, F. P. 192. 

Bungardt, K. 196. 

Biinger, J. 165. 

Bunshah, R. F. 97. 

Burbidge, H. G. 265. 

Buss, G. 31. 

Bylin, E. 266. 


Cain, C. 17, 167. 
Cameron, A. J. 212. 
Campbell, H. C. 254, 


Campbell, H. S. 132. 
Campbell, J. E. 305. 
Campbell, R. B. 185. 
Campbell, R. J. 311. 
Camunas, A. 178. 
Canadian Copper Re- 
finers, Limited, 264. 
Carey, J. D. 234. 
Carlander, R. 260. 
Carlin, F. X. 58. 
Carns, C. L. 198. 
Carolina ning & Light 
Company, 
Castell, H. c. i‘ 28, 179. 
Cech, R. E. 
Central Electricity 
rein Board, 


Chambers, R. W. 264. 
Chang, J. C. 35, 36. 
Chapman, R. D. 70. 
Char, T. L. R. 32, 90, 
118, 119, 247, 292. 
Chatten, C. K. 309. 
Cheney, R. F. 261. 
Chicago Bridge and Iron 
Company, 66. 
Chikazumi, S. 92, 184. 
Christian, J. L. 304, 306. 


NAME INDEX TO VOLUME 


Cihal, V. 132. 
Clarebrough, L. M. 83. 
Clark, C. A. 94. 

Clark, E. J. 267. 
Clarke, S. G. 135. 
Clauss, R. J. 57. 
Coburn, S. . 135, i 


Cole, H. G. 132. 
Collins, H. H. 151. 
Colombier, L. 162. 
Columbia Cellulose 
Limited, 198. 
Conway, B. E. 28. 


Coriou, H. 72. 

Cornell Aeronautical 
Laboratories, Inc., 162. 

Couts, W. H. 44. 

Cox, F. A. 258. 

Croft, W. J. 184. 

Cumberland, J. 33. 

Curea, ‘ 

Curlook, W. 238. 

Curtis, G. C. 266. 


Daane, A. H. 10. 


Davies, P. W. 294. 

Day, G. F. 148. 

Dayal, P. 143. 

Decker, R. F. 239. 

Deetscreek, V. D. 185. 

Defense Metals Inform- 
ation Center, 38 , 70, 


DeMars, R. D. 148, 2 246. 
Demeyre, H. F. 90. 
Dench, W. A. 33. 
Denhard, E. E. 73. 
Dennison, J. P. 294. 
Department of Scientific 
and Industrial 
Research, 87, 200. 
De Rudder, J. 286. 
Dettner, H. W. 244. 
Devries, G. 246. 
Diederichsen, J. 164. 
Dietrich, 7 251, 265. 
Dirian, a. . 
Dixon, R. i , “te 282. 
Domis, W. F. 
Domnikov, L. a8, 248. 
Dormer, G. J. 
Doughty, S. E. 4 
J. W. 


Dwight, A. E. 56. 


Eastwood, G 
Economy, G. 194. 
Edeleanu, C. 71, 131. 
Edward “Se Inc. 302. 
Edwards, W. T. 133. 
Edwin, B. 103. 
Eisenbrown, Cc. M. 76, 


165. 
Eldorado Mining and 
Refining Limited, 264. 
Electro-Chemical Engin- 
_~ Company, Ltd. 


El-Gendi, S. 179, 246. 
EI- ee M. F. M 


Eliictt, J. F. 13, 83. 
Elze, Jj.2 e 
Engel, R. 


St. 
Engell, Hed. 137, 197. 


Ernst, D. W. 181. 
Evans, G. J. 132. 
Evans, R. M. 104. 


Farquhar, 


J. 
Faulkner, G. E. 296. 


Fell, E 2 
Feller, H. G. 49. 
Ferguson, J. 143. 
Field, J. H. 231. 
Findeisen, G. 223. 
ink, F. Ww. 48, 79. 
Firestone, J. T. 50. 
Fisher, A. O. 198. 
Fisher, J. I. 254. 
Flanders, P. J. 185. 
Fleischmann, W. L. 267. 
Flemings, M. C. 64. 
Flinn, R. A. 157, 158. 
Flint, G. N. 76, it7, 288. 
Flippen, R. B. 
Fontana, M. ra ‘71, 131, 
194 


Forbes, S. S. 264. 
ee Motor Company, 


eth B. W.. 232, 
233. 


Foster, M. L. 92. 
Fox, Samuel and 
Company, Ltd. 301. 
Francis, J. T. 104. 
Franck, U. F. 131. 
Francombe, M. H. 184. 
Freche, J. C. 70. 
Freeman, J. W. 100. 
Freeport Sulphur 


Fuller, H. W. 185. 
Fuller, R. M. 74. 
Furukawa, A. 41. 


Garmon, L. B. 291. 
Garnier, J. 147. 
Garofalo, F. 161. 
Garwood, M. F. 44 
Gary, S. P. 57. 
Gattringer, R. 152. 
Gaul, C. G. 188. 
Geerlings, H. G. 131. 
Geller, S. 10. 
General Dynamics 
Corporation, 199. 
General Electric 
Company, 262, 311. 
General Motors 
Corporation, 60, 147. 
Gerstner, D. 185, 251. 
Geyer, N. M. 68 
Gibbons, E. V 
Gibbet, 


Gladis, G. P. 77. 
Glass, H M. 284 
Gleekman, L. W. 121. 
Glenny, E. 225. 


Godby, L. L. 303. 
Goetzel, C. G. 97. 
Goldspiel, S. 92. 
Gonzalez, O. D. 251. 
Goodall, R. 187. 
Gordon, H. E. Z. 
Gordon, L. 85. 
Gould, G. C. 295. 





34 


Grange, R. A. 186. 

Grant, N. J. 13, 256. 

Grecu, I. 85. 

Green, L. 5. 

Greenblatt, J.H. a 
1 


Grenier, E. G. 249 
Griffin, J. E. 144. 
Griffiths, J. A. 42. 
Grilliat, J. 63, 287. 
Grimes, C. G. 240. 
Grinthal, R. D. 6. 
Grover, H. J. 70. 


Groves, N. D. 76, 165. 
Grube, K. R. 183. 
Guard, R. W. 5. 
Gulavane, S. V. 117. 
Gunkler, A. A. 77. 
Gurklis, J. A. 303. 
Gurnea, R. F, 267. 
Gut, K. 252. 
Gyorgak, C. A. 101. 


Hackerman, N. 130, 261. 
Haerdi, W. 105. 


Hamilton, W. F. 69. 
Hammad, F. H. 148. 
Hammer, W. 233. 
Hammond, C. M. 157. 
— R. A. F. 69, 


Hancock, P. 136. 
Handelsmann, V. 85. 
Haneef, M. 15. 
Hanson, M. < ‘e* 
Hardesty, D. 
— D. we O55, 


Hardy, R. W. 59. 
Hargreaves, i * aa 83. 
Harris, E. P. 
Harrison, S. E "8s. 
Harshaw Chemical 
Company, 88, 146. 
Hart, R. K. 159. 
Hartkamp, H. 86, 
Harwood, J. J. 
Haskins, "A. F. 
Hauser, L. A 
Haussler, c 158. 
Hayfield, P. C. S. 135. 
Hayford, A. W. 308. 
Hecht, G. 255. 
Hehemann, R. F. 122 
Henkel, O. 221. 
Henning, H. J. 258. 
Henriksson, S. 308. 
Henry Wiggin and Com- 
pany, Ltd. 39, 102, 
200. 


Hentze, H. 11. 
Herbert, W. S. 240. 
Hérenguel, J. 40. 
Herr, F. J. 35, 36. 
Heuvel, J. A. v.d. 146. 
Heydt, G. B. 257. 
Heyduk, M. J. 159. 
Heymer, G. 33 
Higgins, G. 


Hindson, E. 186. 
Hirano, K. 176. 
Hoag, J. G. 297. 

Hochgraf, F. G. 261. 
Hockwalt, C. A. 142. 
Hoffman, R. R. 264. 
Holetzko, H. 128. 





Holmberg, E. G. 188. 
Holmberg, M. E. 73. 
ar gh J. O. 184. 
Honda, R. 6. 
Hopkinson, B. E. 41 
Hoppin, G. S. 4 
Hospadaruk, V 
Howells, E. 17, 75. 
Hudson, F. 120. 
Hudson, J. C. a 
Hulmann, J. 107 
Humbert, Mi C. 83. 


13. 
Hurd, R. ”M. 130. 
Hurlich, A. 199. 
Hutchinson, R. 4. 


Ibl, N. 240. 
Institute of Metal 
Finishing, 284. 
International Nickel 
Company of Canada, 
Limited, 142, 238, 264. 
International Nickel 
Company, Inc., 122, 
171, 180, 200 
International Nickel 
Company (Mond), Ltd. 
37, 66, 282, 290, 294. 
Irvine, K. J. 299, 
Ishibashi, H. 192. 
ane TE. ia. 
Isleib, C. R. 
aan, Y. 350. 


Jackson, R. M. 256. 
kT J. 223. 
Jaffee, R. I. 183. 
Jahnke, L. P. 44. 
Jankowsky, E. J. 68. 
Jellinghaus, W. 191. 
Jenkins, W. D. 193. 
Johnson, H. H. 38, 295. 
Johnston, F R. 101. 
Jonakin, J. 16. 


Jones, R. B. 
Jongebruer, J. = 131. 
Julien, C. A. 185. 
Juretschke, H. J. 185. 


Kaesmacher, P. 104. 

Kallas, D. H. 309 

Kampschulte, W., 
146 


Kaneko, T. 93. 
Kaplish, B. K. 106. 
Kappelt, G. F. 99. 
Karmitz, P. 177. 
Karpen, W. L. 193. 
Karuppanan, N. 92. 
Katz, W. 288. 
Kauhausen, E. 104. 


‘et Cie, 


1. 
Kelly, P. M. 130. 


1 
—s Re e 
King, E. J. 
King, H. Ww. 36. 
Kinsley, E. 
Kirtchik, H. 
Kitagawa, T. 86. 
Kleber, E. V. 249. 
Klemperer, D. F, 27. 
Klier, E. P. 307. 
Kneller, E. % A 
Koh, P. K. 18, 185. 
Koonitz, D. E. 56. 
Korniloy, I. I. 6. 
Korostoff, E. 184. 
Késter, Ww. 250. 
Kouvel, J. S. 185. 
Krainer, E. 96. 
Krainer, H. 
Kranzlein, P. M. 79. 
Kriessman, C. J. 185. 


Krijl, G. 91. 
Krogmann, K. 213. 
Kroneis, M. 152. 
Kronenberg, K. J. 185. 
Krubsack, W. L. 5. 
Kruse, P. 258. 
Kubaschewski, O. 33. 
Kuilenberg, B. J. 245. 
Kurg, I. 
Kutzelnigg, A 
Kuznetsov, V. TL 248 


Ladley, R. S. 18. 
Lake, D. E. “ 
La Manna, F. J. 31. 
Lander, J. J. s40 
Langbein-Pfanhauser 
Werke A.G. 146. 
Langston, M. E. 154. 
LaQue, F. 
242, 263. 
Larkin, C. F. 55. 
Larrabee, C. P. 135. am 
Larson, F. R. 37, 
Laub, H. 245. 
Lawless, G. W. 68. 
Lawrence, S. C. 68. 
Layton, D. N. 290. 
Lee, E. W. 27. 
Lefever, R. A. 86. 
Leidheiser, H. 
Lelong, P. 40. 
Lemaire, H. P. 184. 
Lennartz, G. 163. 


Lindley, G. 149. 
Lismer, R. E. 47. 
Littlewood, R. 71, 131. 
Llewellyn, D. T. 299. 
Logan, H. L. 166. 
Lommel, J. M. 184. 
Long, R. A. 268. 

Long, S. A. 50. 
Longhurst, E. ae 


, W. A. 97. 
Luchok, J. 129. 
Ludwigson, —" 155. 


Lund, C. H. 154, 


Machu, W. 32, 179, 246. 

Mack, D. J. 5. 

MacLennan, D. F. 133, 
60, 195 


Malinofsky, W. A 185. 
Manning, C. R. 

Pr ge ig K. 38. 297, 
Marble, J. D. 39. 
Maringer, R. < 98. 
Marron, A. J. 74, 96. 
Marshall, W. a 69. 
Mason, J. F. 42. 
Masterson, H. G. 132. 
Matas, S. J. 122. 
Matcovich, T. 184. 
Matheny, 3. H. 39. 
Mathur, P. B. 30, 92. 
Matuschka, B. 130. 


McAndrew, J. B. 5. 
Le oe age R. M. 54. 
McCoy, C. W. 161. 
= G. W. G. 


169. 
McDougall, Ww. < 
McDowell, D. W. 
McGraw, L. D. 503. 
McIntosh, R. B. 
309, 


McMaster, W. D. 135. 
McMillan, A. F. 133. 
MeNary, T. A. 17 


A. 180, 245. 


L. 73, 170, 


264, 


Mead, A. R. 51. 
Mears, R. B. 134. 
Meiklejohn, W. H. 185. 
H. 117. 


Merz, A. 107. 
Metal Finishing Associ- 
ation, 284. 
Methfessel, S. 185. 
Metzger, M. C. 172. 
Metzger, W. 243. 
Meyer, A. J. P. 185. 
Michaelis, R. E. 260. 
Middelhoek, S. 185. 
Mihalisin, J. R. 15, 169. 
Millar, N. S. C. iis. 


Minear of Aviation, 
224, 225. 
Mishler, H. W. 96. 
Mitchell, J. B. 264. 
Mobley, P. R. 269. 
Modjeska, R. S. 57. 
Moisan, J. 40. 
Mongahela Power 
Company, 168. 
Monnier, D. 105. 
Monroe, R. E. 96, 312. 
Monsees, R. G. 258. 
Monteil, vs H. 258. 
Moon, D.P - 156, 220. 
Moore, N. E. 42. 
Moran, J. J. 42, 169. 
Morisset, P. 287. 
Morley, F. J. 295. 
Morral, F. R. oy 
Morris, R. A. 
Morris, R. J. a 
Moskowitz, A. 230. 
MiiJler, H. 242. 
Miller, K. 146. 
Murgulescu. I. G. 134. 
Mykura, H. 82, 176. 


Nakada, Y. 185. 

Nakashima, A. 67. 

Nakayama, T. 256. 

National Advisory Com- 
mittee for Aeronautics: 
See National Aero- 
nautics and Space Ad- 
ministration 

National Aeronautics 
and Space Adminis- 


tration, 70, 98, 101, 
227, 257, 307 
National Bureau of 
Standards, 54, 166, 
285. 

National Research 
— of Canada, 


Neighbours, J. R. 82. 
Nelson, P. G. 44,. 
Nelson, W. 17, 167. 
Neuhold, H. 2i3. 
Nevitt, M. V. 87. 
Newell, I. L. 30. 


Noreika, A. J. 184. 
North American Aviation, 


Nunes, J. 37, 65. 
Nutting, J. 130. 


Oak Ridge National 
Laboratory, 299. 
Ogburn, F. 91, 181. 
Ogle, M. R. 265. 
Okamoto, G. 131. 
Oliver, E. M. 217 


Olsen, K. 


O'Neill, H. 64. 
Oppenheim, * 196, 
Osterwald, J. 212. 


Owen, L. W. 89. 
Page, G. G. 132. 


Patton, A. M. 193. 
Patzold, V. 158. 
Paul, G. T. 74. 
Paxton, H. W. 133. 
Payne, B. S. 253. 
Peacock, J. H. 97. 


Pellisier, J. 49. 

Pennington, W. A. 65. 
Pennington, W. J. 
Penrice, P. J. 226 
Petrocelli, J. = 


4. 

Phillips, N. D. 14, 260. 
Phillips, V. A. 62. 
Pickering, F. B. 299. 
Pickering, H. W. 71. 
Pluchery, M. 49. 
Poirot, R. 63. 
Polderman, L. D. 78. 
Portis, A. M. 185. 
Posch, K. 96. 
Potter, R. F. 5. 
Pourbaix, M. 71. 
Powell, R. W. 40. 
Prall, J. K. 91. 
Pratt and Whitney Air- 

craft, 303. 
Presland, A. E. R. 5. 
Price, H. L. 257 


Pugh, E. W. 185. 


Purdy, G.R 
Purdy, S. M. 308. 


Racine, F. L. 147. 
Radavich, J. F. 125, 190. 
Radiation Enamels 
Limited, 119. 
Radovici, O. 134. 


Ramchandran, T. 137, 


Rice, L. P 
Richardson, W. “H. 266. 
Ridal, E. J. 223. 

Riederman, N. H. 184. 
Rienaecker, G. 3 
Rieppel, P. J. 7 296. 


. 264. 
Robb, K. G. 142. 


Roberts, D. A. 155, 297. 
Roberts, . W. 131. 


Rosenfel’d, I. L. 
Ross, P. B. 171. 
Roth, E. 244. 
Roy, T. K. 238. 
Royal Mint, 62, 248. 
Rubenstein, H. 185. 
Rudy, J. F. 254. 
Ruediger, B. A. 139. 
Ryan Aeronautical Com- 
pany, 258 


Sachs, G. 304. 
Saddington, R.R. 238. 
Sadowski, s. 1 
Safranek, W. H. ‘59. 
Saiddington, J. 214. 
Sakakura, A. 250. 
Salesin, E. D. 85. 
Salkind, A. J. 
Sallo, J. S. 185. 
Salvaggi, J. 162. 
Sample, " H. 242, 285. 
Sanders, V. J. 69. 
Sartell, yy A. 14, 283. 
Sato, H. 82. 

Savage, R. E. 294. 
Savage, W. F. 35. 
Savitskii, E. M. 5. 
Sawyer, J. C. ‘a 
Schaffer, P. S. 64 
Schaller, F. W. 12. 
Schane. H. “Pp. 47. 
— L. R. 76, 


Schleuning, H. W. 184. 
pi ae A. 


Schmid, G. M. 261. 
Schmidt, F. NM. ng 
Schmitt, P. H. 
Schmitz, K.-H. Tos. 
Schneider, W. R. 38. 
Schoefer, E. A. 51. 
Schoeller-Bleckmann 
Stahlwerke, A.G. 130. 
Schoening, F.R. L. 185. 
Schréder, K. 293. 
Schuele, W. J. 185. 
Schumacher, V. 229. 
Schumann, H. = 
Schwab, G.-M. 5 
Schwabe, K. 71, 255. 
Schwartz, M. 60. 
Schwartzbart, H. 254. 


Schwenk, W. 164, 262. 
Scott, B. E. 31. 
Scott, H. F. 308. 


Segmuller, A. 184. 
Seiden, J. —" 148. 
Selwood, P . W. 185. 
Semmel, J. "W. 39. 
Sen Sarma, K. P. 86. 
Seraphim, D. P. 29. 
Sessler, J. G. 304. 


Sharan, R. 143 
Sheehan, J. P. 254 
Sheepbridge Alloy Cast- 


337 








Siegmund, J. M. 48 
Silber, L. M. 184 
Silverstone, N. M. 184 
Simkovich, A. 161 
Simmons, W. F. 156, 


Sobers, W. B. 80. 


Scoeer C.R . 232, 


Speiser, R. 194. 
Spencer, C. W. 261 
Spindler, 


47. 
Stadelmaier, H. H. 148, 
249. 


Stehsel, M. L. 5. 
Steiger, A. J. 32. 


Stephenson, E. T. 187. 
Stevenson, D. A. 143. 
Sticha, E, A. 302. 
Stiegerwald, E. A. 12. 
S er, U. 242. 
Stoffels, H. 262. 
Stolarczyk, J.E. 293. 
Stone, E. L. 259. 


Stonehouse, A. J. 5. 
Stéring, O. 30. 
Stout, R. D. 83, 295. 
Stover, H. E. 310. 
Strassburg, F. W. 95. 
Such, T. E. 291. 
Sudbury, J.D. i31. 
Sugiyama, M + 250. 
Sullivan, D. ts 185. 
Suss, H. 75. 

Sutton, F. 108. 


Swearingen, F. H. 192. 
Sweet, J. W. 35, 36. 
Swindeman, R. W. 299. 


Tabushi, M. 86. 
Taft, B. L. 303. 
Taggart, R. 9. 
Takeda, S. 250. 
Takeyama, H. 199. 
Taoka, T. 6. 
Tedds, D. F. B. 97. 


Tegart, W. J. McG. 283. 


Templeton, H. C. 197. 
Tesquet, G. 177. 


Thompson, D. H. 199. 
Thompson, J. F. 142. 


Thorneycroft, D. R. 200. 


Thiimmler, F. -e 


i. 
ym all J.F. 117. 


Titus, G. W. 196. 
Tolman, E. M. 185. 
Torkar, K. 213. 
Towndrow, E. G. 4. 
Tremblay, R. J. 264. 
Troiano, A. R. 12 
Trueb, L. F. 240. 
Triimpler, G. 24 
Tsu, I. 182. 


o 


Turkalo, A. M. 5 
Turnbull, R. - 185. 


hee . +. 40. 
oe Corporation, 28, 


Ulrich, W. 250. 
Underwood, E. E. 98, 


297. 
Union Carbide Chemicals 
Company, 47. 
UNIPREA, 283. 
United Kingdom Atomic 
Energy Authority, 133. 
= of Michigan, 


Univertical Corporation, 
215 


U.S. Air Materia] Com- 
mand, ; 

U.S. Army, 144. 

U.S. Atomic Energy 
Commission, 159, 200, 
234, 268, 299. 

U.S. Naval Engineering 
—_— Station, 


U.S. Naval Research 
Laboratory, 232. 

U.S. Navy, 108, 162. 

U.S. Steel Corporation, 


Uusitalo, E, 130. 


Vacher, — C. 120. 
Vaid, J. 2' 

Van Diick, A. P. 286. 
Van Peteghem, A. P. 90. 
Van Rooyen, D. 133. 
Varga, J. 38. 

Vasu, K. I. 119. 
Vaughan, D. E. 139. 
Vermilyea, D. A. 131. 
Vernon, M. J. 
Vetter, W. H. 139 


Vickery, R. C. 249. 
Vogel, J. 105. 

Von den Steinen, A. 151. 
Von a F. 161. 
Voss, G. 2 

Vreeland, > C. 78, 188. 


Wagner, C. 292. 
Wagoner, C. L. 14, 260. 
Wakiyama, T. 92. 
Walker, J. L. 213. 
Wallace, W. E. 87. 
Waller, C. E. 5. 

be gg J. N. 159. 


Wasilik, J. H. 5. 
Waters, B .H. 95. 
Waters, W. J. 7 


be og me %, 199, 
304, 306. 

Watson, S. A. 56, 288. 

Waxveiler, J. H. 40. 

Weare, N. E. 312. 


Webb, H. 4 
Weger, M. 185 
eil, R. 89 


Weiner, R. 145. 
Weisenberg, L. A. 44. 
Weismantel, E. E. 47, 


233. 
Weiss, G. P. 184. 
Weissmantel, C. 255. 
Welding Research 

Council, 38. 
Wernick, J. H. 10. 
Wertheim, G. K. 185. 
Wessel, E. T. 163. 
West, F. G. 185. 
West, G. W. 83. 
Westbrook, J. H. 4, 5. 
Westinghouse Electric 

Corporation, 126. 
Weston, G. 284. 
Wetzlar, K. 163. 
—— Company, 


. E. 17. 
White, E. L. 48, 79, 139. 





White, J. E. 100. 
White, R. A. 216. 
Whiteley, R. L. 43. 
Whitmore, R. W. 161. 
Whittle, J. E. 282. 
Wiederholt, W. 135. 
Wiegand, H. 11. 
Wiggin, Henry, and Com- 
pany, Ltd. 39 102, 200. 
Wilcock, J. 182. 
Wilcox, B. Me Zets 
Wilcox. Ww. ms 254, 310. 
Wiles, D. R. 4 


Willard, W. A. 193. 
Williams, C. 90. 
Williams, D. N. 183. 
Wilson, J. E. 190. 
Wilson, R. A. 44. 
Wilson, R. + 185. 


Winkler, J. V. 44. 
Winterton, K. 253. 
Witherell, C. E. 45. 
Wlodek, S. T. 103. 
Wolf, P. 184. 
Wollam, J. S. 87. 
‘ood, D. L. 6. 
Woolfall, R. J. 182. 
Wray, P. J. 248. 


=. 


Wright Air Development 
Center, 40, 48, 97, 98, 
99, 106, 230, 363. 

Wulff, J. 143. 

Wyatt, a W. 228. } 

Wyman-Gordon Com- 
pany, 129. 


Yamaguchi, S. 33. 
Yamamoto, Y. 86. 
Yasukéchi, Y. 6. 
Youden, W. J. 193. 
Young, C. E. 264. 
Yukawa, S. 65. 
Yun, T. S. 249. 


Zentner, V. 61. 
Zijlstra, H. 185. 
Zwilsky, K. M. 256. 





338 





—— 


Agamennone, M. 109. 

Aggen, G, 277, 

Air Preheater Corpor- 
ation, 279. 

Air Reduction Company, 
Inc., 205. 

Aktiengeselischaft fiir 


Unternehmungen der 
Eisen - agg * Stahl - 
industrie, 2: 


Allegheny ‘adlum Steel 
Corporation, 277. 

Alpha Metal Labora- 
tories, Inc., 110. 

American Brake Shoe 
Company, 203 

American Steel Found- 
ries, 205, 27 a 

Archambault, M - 20. 

Armco Steel ‘Corpor- 
ation, 207. 

Armiento, D. F. Lag 

Asherman, C. 

Atomic oe “ 
Canada, Limited, 24. 


Bacon, F. T. 272. 


Beck, F. H. 278. 

Bell ’ Telephone Labor- 
atories, Inc., 111. 

Benoit, R. L. 271. 

Bidwell, - R. 278. 

Binder, H . G. 209. 

Birmingham Small Arms 
Corporation, 23. 


- B. 273. 
Breining, E. R. 110, 273. 
Brown, J. T. 207, 277. 
Bruce,Lawrence Richard, 


Inc. 
Bryant, E. E. ~~ "aha 
Burbank, R. D. 
Buttress, R. E. 215. 277. 


Carman, C. M. 111. 

Carpenter Steel Com- 
pany, 112. 

Certa, A. J. 274. 

Chang, W. H. 205. 

— Corporation, 


Chicago Development 


Commissariat 4 i’Energie 
Atomique, 209. 


PATENTS INDEX 


Commonwealth  Engin- 
eering Company of 
Ohio, 110. 

Conway, C. G. 272. 

Cooper Alloy Corpor- 
ation, 209. 

— Glass Works, 


Corsi, L. 109. 
Crafts, W. 112. 
Crane Company, 278. 


Daley, J. L. S. 272. 

Dean, R. S. 204. 

De Long, H. K. 204. 

Department of Mines, 
_—— of Quebec, 


20. 
Deutsche Gold- und 
Silber - Scheideanstalt, 


276. 
Dies, K. 275. 
Dixon, R. H.T - 274. 
Dow Chemical Company, 


Dunn, E. L. 23, 206. 
Duraloy Company, 23. 
Dyrkacz, W. W. 277. 


Elbaum, S. K. 276. 
Electric Storage Battery 
nar tg “< 
Emery, C. H. 112. 
Ericson, H. 273. 


Felmley, C. R. 205. 
—_ Corporation, 203, 


Fontana, M. a 278. 
Ford, I. A.M co 
France, L. L. 277 
Franklin, A. “7 dit, 112. 
Fussell, i E. 2 


Gallery Chemical Com- 


pany, 21. 

Gia Electric Com 
pany, = 23, 203, 205, 
206, 278 

General Motors Corpor- 
ation, 205, 

Gittus, J. H. 206. 

Greene, J. L. 208. 


Haefner, K. 278. 
Hall, A. M. 207. 
Hammond, M. B. 273. 
Hanink, D. K. 208. 
Hannah, J. D. 111. 
Harris, G. T. 23. 
Heidenrich, R. D. 111. 
- 208. 


oy G. 3 
Horne, — 277. 
Hoyt, W 

Hughes, H. | D. 203. 


Zo 


Imperial Chemical 
a Limited, 


Institut Dr. Ing. Reinhard 
Straumann A.G., 204. 
International Nickel 
Company of Canada, 
Limited, 202, 271. 
International Nickel 
Company (Mond), 
Limited, 112, 274, "275. 
See also Mond Nickel 
Company, Limited 


Jessop, William, and 
Sons, Limited, 23. 
Junker, O. 209. 


Kanter, J. 278. 

Keegan, B. 277. 
Kegerise, W. R. 112. 
— Aktiebolaget, 


King, E. V. 272. 
Kofiskey, J. M. 276. 
Korchynsky, M. 112. 


Lahr, A. F. 278. 
Leeds and Northrup Com- 


Ludwigson, D. C. 207. 
Lukens Steel Company, 


206. 
Luster, V. R. 271. 
Lustig, B. 20. 


Macewan, J. U. M. 20. 
Mackiw, V. N. 271. 
Magneto-Chemie, N. Wi, 


Melpar Inc., 204. 
Metachemical Processes 


Mickelson, C. G. 205. 
Miltenberger, P. 21. 
Minnesota Mining and 

Manufacturing Com- 

pany, 21. 

Mitchell, rs ey 205. 

Mochel, J.2 

Mickel, J. 4. 

Mond Nickel Company, 
Limited, 20, 21, 22, 
111, 112, 206. 

See also International 
Nickel Company 
(Mond), Limited. 

Montecatini (Soc. Gen. 
per VIndustria Miner- 
aria e Chimica), 109. 

Moore, ze C. 204. 

Moore, D. G. 203. 


Moore, J. B. 23. 
Morgan Crucible Com- 
pany, Ltd., 24, 276. 

Morton, H. C. 208. 

Mott, N. S. 209. 
Mueller, C. P. 277. 
Muller, A. 205. 
Murray, J. D. 277. 


National Research De- 
eet Corpora- 
tion, 272 

Neely, W. L. 206. 

Nesbitt, E. A. 111. 


Obrowski, W. 276. 
Ohio State University 
7 Foundation, 


Olie:, E. M. 203. 
Olivier, C. A. 20. 
Orenda Engines Limited, 


Pelton, J. F. 276. 
Perkins, R. A. 209. 
Philco Corporation, 274. 
Phillips Electrical In- 
dustries, Limited, 22. 
Platecraft of America, 
Inc., 110. 
Potter, W. W. 110. 
Pritchard, R, E. 208. 
Prymula, C. E. 110. 


Ramirez, E. R. 109. 
Reiff, C. J J. 203. 
Renold Chains Limited, 


Republic Steel Corpor- 
ation, 
E. E. 277. 


Reynolds, 
one Metal Com- 


109. 
Ringpicil, < 2 
Ritt, P. E. 2 
Ritzema, D. Er 204. 
Roach, D. B. 207. 
Robinson Brothers, 
Limited, 22. 
Robinson, P. 110. 
Rockwell-Standard Cor- 
poration, 277. 
Ruben, G. E. F. 20. 
Runton, L. A. 208. 
Manufacturing 
Company, 208. 


Salt, A. E. 205. 

Pm rae K, 209. 
Schwyn, R. E. 205. 
Sherritt Gordon Mines 


Limited 

Sherwood, 7 72 
Shoudy, A. A. 508. 
Siemens and Halske, 


Sierra “Metals Corpora- 
tion, 207 


Simonds Saw and Steel 
_Company, 112. 


Southin, R. T. 274. 

Sprague Electric Com- 
pany, 110. 

= AG., 


Stone, J., and Company 
(Propellers) Ltd., 274. 
aa hy R. 204. 
Strong, H. M. 20. 
Stuart, G. R. 277. 
Sullivan, J. D. 203. 
— Tube Company, 


Tanczyn, H. 207, 278. 
Taylor, E. A 
Thorneycroft, D. R. 274. 
Timken Roller Bearing 

Company, 274. 
Toulmin, H. A. 273. 
Townshend, S. C. 20. 
Tripp, H. P. 203. 


Union Carbide Corpora- 
tion, 110, 112, 209, 
272, 273, 276. 

United States Steel Cor- 
poration, 278. 

United Steel Companies 
Limited, 277. 

Universal-Cyclops Steel 
Corporation, 112, 209. 

U.S. Atomic Energy 
Commission, 111, 275. 

U.S. Secretary of the 
Air Force, 203. 

US. ee of the 
Army, 111. 


Ze 


Vereinigte Deutsche 
Metallwerke A.G. 275. 
Von Seelen, C. 276. 


Wagoner, E. L. 276. 


West, D. H. 20. 
Westinghouse [Electric 
a 206, 207, 


White, A. E. S. 276. 

Whitmer, V. W. 207. 

Wiggin, Henry, and Com- 
pany, ited, 277. 

Wilbur B. Driver Com- 
pany, 111. 

Wilmot-Breedon, 
Limited, 21. 

Wilson, J. E. 23, 206. 

Withers, J. C. 204. 

Wlokka, H. 205. 

Worn, D. K. 275. 





Attention is drawn to the fact that many of the names of materials mentioned in The Nickel Bulletin are Trade Marks. 
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